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* UNIVERSITY OF VERHONT 

Burlington , Vermont 

REPORT NO. 1 - OCTOBER 30, 1965 

NASA GRANT ERG 46-001-008 

Although t h i s  g r a n t  was a c t i v a t e d  during t h e  middle of t h e  
sp r ing  semester t h e  g r a n t  a l ready  has had a s i g n i f i c a n t  impact on 
r e sea rch  a c t i v i t y  a t  t h e  University of  Vermont. To d a t e ,  p r a c t i c a l l y  
a l l  of t h e  funds have been a l l o c a t e d  and twelve research  p r o j e c t s  are 
unde r  way. The areas of research ,  although space sc ience  o r i en ted ,  
cover  a broad spectrum including physics ,  chemistry, zoology, botany, 
engineer ing and medicine. Several  are i n t e r d i s c i p l i n a r y .  The i n t e r -  
d i s c i p l i n a r y  p r o j e c t s  include one with co- inves t iga tors  from t h e  
departments of electrical  engineering and physiology studying 
electrical  c u r r e n t s  i n  t h e  human b r a i n ;  another ,  a combination of 
electrical  engineers ,  r a d i o l o g i s t s  and surgeons working on a novel 
d i sp l ay  system using c o l o r  t e l e v i s i o n  which, it is  hoped, w i l l  make 
it poss ib l e  t o  e x t r a c t  more information f r o m  radiographs.  

campus with a l l  of t h e  major faci l i t ies  encompassed i n  a r a d i u s  of 
no more than  300 yards  made us p e c u l i a r l y  f i t t e d  for  t h e  evolu t ion  
o f  i n t e r d i s c i p l i n a r y  a c t i v i t y .  Nevertheless,  t h i s  p o s s i b i l i t y  d id  
no t  corle t o  f r u i t i o n  u n t i l  t h e  r e c e i p t  of t h e  NASA gene ra l  support  
g r a n t .  
program and t h e  means for implementing it, a v e r i t a b l e  avalanche of 
a c t i v i t y  has been generated.  The enthusiasm and v igor  t h e  i n t e r -  
d i s c i p l i n a r y  programs are showing i s  tremendously e x c i t i n g  and augurs 
very w e l l  f o r  the f u t u r e  of o u r  i n s t i t u t i o n .  As an example of t h e  
type of s p i r i t  which has  been engendered it is  worth poin t ing  o u t  
That a t  t h e i r  own i n i t i a t i v e  the medical school f a c u l t y  are t h i s  
semester g iv ing  a course i n  human biology for  t h e  education of t h e i r  
co l l eagues  i n  t h e  non-medical f i e l d s  and some 30 t o  35 engineers  and 
s c i e n t i s t s  f r o m  a l l  over  t h e  campus are a t tending .  Next semester 
t h e  engineers  and s c i e n t i s t s  propose t o  g ive  a program on 
ins t rumenta t ion  for t h e  medical school  personnel.  

The ex i s t ence  of t h e  broad i n t e r d i s c i p l i n a r y  program has 
encouraged many d iscuss ions  between var ious campus groups and has 
been a poten t  device for  encouraging s taff  members t o  recognize 
poss ib l e  i n t e r a c t i o n s  of t h e i r  own work with t h a t  of col leagues i n  
widely separa ted  d i s c i p l i n e s .  A s  a r e s u l t ,  v i ab le  i n t e r d i s c i p l i n a r y  
programs are spr inging  up a l l  over  t h e  campus. The i n i t i a l  success 
i n  t h e s e  cooperat ive ventures  h a s  encouraged many f a c u l t y  t o  br ing 
t o  f r u i t i o n  long-standing dreams of cooperat ive endeavor and mutual 
r e spec t  and cooperat ion have been encouraged. The long-term e f f e c t  
i s  t h a t  t h e  attack on a l l  research a t  t h e  Universi ty  of Vermont can 

Our i n s t i t u t i o n  being r e l a t i v e l y  s m a l l  and having a compact 

By providing t a n g i b l e  evidence for  t h e  support  of  such a 
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be f r o m  a new and en l ightened  p o i n t  of view as opposed t o  t h e  
c lass ical  approach r e s t r i c t e d  by t h e  harsh  compartmentalization of 
d i s c i p l i n e s  o r  academic departments. 

The f l e x i b i l i t y  of t h e  NASA gran t  makes it poss ib l e  t o  provide 

It a l s o  makes it 
immediate support  for  new i n v e s t i g a t o r s  thereby increas ing  t h e  
e f f i c i e n c y  of u t i l i z a t i o n  of new personnel.  
p o s s i b l e  t o  g ive  immediate support  f o r  a new re sea rch  i d e a  almost 
as soon as it i s  born and while t h e  i n v e s t i g a t o r ' s  enthusiasm i s  a t  
a peak. This is  i n  sharp  c o n t r a s t  with t h e  usua l  t ype  of p r o j e c t  
t ype  support  f r o m  an o u t s i d e  agency where t h e  r e l a t i v e l y  long de lay  
between t h e  conception of  an idea  and t h e  r e c e i p t  of support  i s  d i s -  
couraging to t h e  i n v e s t i g a t o r  i n  many cases. A m o s t  important facet 
of t h e  i n s t i t u t i o n a l  t ype  of support  i s  t h a t  t h e  adminis t ra t ion  of 
t h e  Univers i ty  has  an opportuni ty  t o  provide guidance i n  t h e  
d i r e c t i o n  of i t s  research  program and t o  maintain balance and 
coherence. Furthermore, occas iona l ly  a r e sea rch  p r o j e c t  w i l l  reach 
a 'deadend' a t  an e a r l y  s t a g e  but  t h e  f l e x i b i l i t y  achieved by t h e  
i n s t i t u t i o n a l  t ype  of support  makes it poss ib l e  t o  immediately s h i f t  
en?phasis and deploy t h e  funds t o  g r e a t e r  advantage. 

Altiiqugh t h e  e x p e r t i s e  t o  c a r r y  ou t  s i g n i f i c a n t  research  
e x i s t e d  u L  t h e  Universi ty  of Vermont, t h e  funds der ived from NASA 
have spurred  t h e  research e f f o r t  and have helped t o  provide b e t t e r  
balance between research  and teaching. A t  t h e  graduate  l e v e l ,  
research  and educat ion are inseparable  and t h e  effects of  t h e  g r a n t  
have been obvious. A s i g n i f i c a n t  improvement i n  undergraduate 
educat'on has  been observed also. I n  engineer ing s p e c i f i c a l l y  and 
a t  a l l  l e v e l s ,  t h e  increased  research  a c t i v i t y  affects educat ion by 
providing ' real  l i f e '  problems and examples as opposed t o  t h e  hypo- 
t h e t i c a l ,  academic, textbook type f r equen t ly  used i n  i n s t i t u t i o n s  
where r e sea rch  i s  no t  so preva len t .  

I n  t h e  fol lowing pages w i l l  be found b r i e f  progress  r e p o r t s  
submitted by each of t h e  p r i n c i p a l  i n v e s t i g a t o r s  r ece iv ing  support  
f r o m  t h i s  g ran t .  While m o s t  of  t h e  r e p o r t s  are se l f -explana tory ,  
p a r t i c u l a r l y  when coupled w i t h  t h e  p r o j e c t  proposals  which w i l l  be 
found i n  t h e  appendix, some comments on c e r t a i n  of  t h e  p r o j e c t s  may 
be h e l p f u l .  

I n  t h e  p a s t  t h e  Universi ty  has  had inadequate  shop fac i l i t i es .  
Most of t h e  departments a c t i v e  i n  research  have had s m a l l  shops 
equipped with m l y  t h e  most e s s e n t i a l  t o o l s .  When t h e  new 
engineer ing bu i ld ing  w a s  b u i l t  i n  1963, t h e  first s t e p  w a s  t aken  
t o  provide b e t t e r  shop fac i l i t i es  by combining t h e  shops of  t h e  
t h r e e  engineer ing departments and providing some a d d i t i o n a l  equip- 
ment. Cer ta in  o t h e r  t o o l s  w e r e  needed, however, and P r o j e c t  I w a s  
set up t o  provide funds f o r  augmenting t h e  shop fac i l i t i es .  A s  w i l l  
be noted from t h e  progress  r e p o r t  of M r .  Marshall, t h i s  support  has  
made it poss ib l e  t o  provide b e t t e r  s e r v i c e  f o r  some of t h e  i n v e s t i -  
gators. It w i l l  be of i n t e r e s t  t o  note  he re  t h a t  p l ans  are now . _  
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under way t o  e s t a b l i s h ,  probably by t h e  end of t h i s  f iscal  year ,  an 
a l l - u n i v e r s i t y  shop for  t h e  support  of research.  It i s  hoped t h a t  
sone funds from t h e  sus t a in ing  g r a n t  can be appl ied  t o  t h i s  develop- 
ment. 

I n  P ro jec t  V I ,  D r .  L a i ,  a new m e m b e r  of t h e  Electrical  
Engineering Department staff  and an expe r t  i n  information theory,  
has  been working very c l o s e l y  wi th  D r .  Couch. 
conducted by D r .  Couch and D r .  hi, i n  a d d i t i o n  t o  having d i r e c t  
a p p l i c a t i o n  t o  t h e  man i n  space program of NASA, has a very important 
p o t e n t i a l  b e n e f i t  t o  t h e  hea l th  sc iences  and i n  t h i s  case a p o t e n t i a l  
a p p l i c a t i o n  t o  mankind i n  general .  The work is of s p e c i a l  i n t e r e s t  
t o  a number of m e m b e r s  of the Medical College s taff  and is one of t h e  
most s i g n i f i c a n t  medical app l i ca t ions  of t h e  d i g i t a l  computer a t  t h e  
Universi ty  of Vermont. 

The work being 

I n  connection with Pro jec t  X ,  it should be emphasized t h a t  t h e  
equipment purchased f o r  Dr. Hyde i n  Botany w i l l  be u s e f u l  t o  many 
o t h e r  research  p r o j e c t s  requi r ing  t h e  same technique f o r  preparing 
specimens for  e l e c t r o n  microscopy. 

Dr. Wilfred Roth and h i s  col leagues who are working with him 
on Project V I 1  r e p o r t  on a unique scheme t o  enable  r a d i o l o g i s t s  t o  
aniilyze  me accura t e ly  t h e  common radiograph. By d isp lay ing  a 
radiograph on a t e l ev i s io r -  c o l o r  sc reen  i n  such a way t h a t  d i f f e r e n t  
dens i ty  l e v e l s  are shown i n  d i f f e r e n t  c o l o r s ,  s u b t l e  d i f f e rences  i n  
dens i ty  are more obvious and shadows which might normally be over- 
looked should be more apparent.  The unusual s i t u a t i o n  of t h e  
engineer ing group on t h e  same campus and i n  close proximity t o  t h e  
medical school has encouraged t h i s  type of research  arid w i l l  s impl i fy  
c l i n i c a l  t e s t i n g  of t h e  scheme. 
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Supervisor :  G .  A. Marshall ,  Associate Professor  of Pechanical 
Engineering 

Amount of Grant:  $6,025 

Progress Report - October 8 ,  1965 

Increas ing  demands have been made on shop fac i l i t i es  fo r  
p r e c i s i o n  work, pr imar i ly  f o r  research a c t i v i t i e s ,  m-d a d d i t i o n a l  
equipment w a s  despera te ly  needed t o  m e e t  t h e s e  demands. Our new t o o l -  
room l a t h e  enables  us t o  maintain to l e rances  i n  t h e  range of .0005 t o  
- 0 0 1  inches with ease.  
any shallow form or  contour for which w e  have, o r  can make, a master. 
Un t i l  now w e  have had no f a c i l i t y  for dup l i ca t ing  any form. 
f i l i n g  machine and b e l t  sander  enable  us t o  do accura t e  f i n i s h i n g  
which i n  t h e  p a s t  had t o  be done by hand. 

The engraving machine i s  capable of c u t t i n g  

The d i e  

We have done work on research p r o j e c t s  f r o m  many departments 
including electrical  and mechanical engineer ing,  zoology, animal and 
d a i r y  scit .ce, f o r e s t r y ,  home economics, and s e v e r a l  medical co l l ege  
p r o j e c t s .  
have the prec i s ion  equipment required.  

We s t i l l  have to t u r n  away some p r o j e c t s  because w e  do not  
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PROJECT 11: EXPERIXENTAL STUDY OF PHOTOELECTRIC, 
OPT Y L S  L A  . 

I n v e s t i g a t o r s :  

Amount of Grant: $ 24,456 

I>. W. Juenker and A.  I). C r o w e l l ,  Physics  Department 

Progress  Report - 30 September 1965. 

I n t r o d u c t i o n  

The r e sea rch  conducted with t h e  support  of t h i s  g r a n t  f e l l  i n t o  
t w o  ca t egor i e s :  (1) t h e  i n i t i a t i o n  of a long range i n v e s t i g a t i o n  
of  t h e  p h o t o e l e c t r i c  and o p t i c a l  p r o p e r t i e s  of t r a n s i t i o n  metals 
under t h e  d i r e c t i o n  of D r .  D. W. Juenker and ( 2 )  t h e  con t inua t ion  
of t h e  s tudy of t h e  i n t e r a c t i o n  of t h e s e  metals with gas molecules. 

Study of P h o t o e l e c t r i c  and Op t i ca l  P r o p e r t i e s  - 
Since equipment funds w e r e  no t  a v a i l a b l e  u n t i l  t h e  l a t t e r  p a r t  

of A p r i l ,  1965, t h e  assembly of experimental  appara tus  has  been 
delayed. “hat p a r t  of t h e  t a s k  is  near ing  completion a t  t h i s  w r i t i n g ,  
and data- taking should commence during t h e  coming month. The t i m e  
s i n c e  February 1 has been occupied no t  on ly  with d e t a i l e d  planning 
of experiments and assembly of a v a i l a b l e  components, b u t  a lso i n  
t h e o r e t i c a l  a n a l y s i s  of d a t a  accumulated by t h e  p r i n c i p a l  
i n v e s t i g a t o r  and h i s  s t u d e n t s  i n  1964 a t  t h e  Univers i ty  of Motre 
Dame. 
work,  which has  been submit ted fo r  p u b l i c a t i o n  i n  t w o  papers .  
are a b s t r a c t e d  as follows: 

3ASA has been duly c r e d i t e d  for t h e  p a r t i a l  support  of t h i s  
They 

H o t  E l ec t ron  Range i n  Thin Metal Films, by M. J. Brienza and D. W .  
Juenker  
1965). 

(submit ted t o  the Journa l  of Applied Physics ,  August 2 7 ,  

Some g e n e r a l  a s p e c t s  of hot e l e c t r o n  t r a n s p o r t  and emission i n  
t h i n  f i l m s  are t r e a t e d  i n  a c a l c u l a t i o n  us ing  c l a s s i c a l l y  exac t  
o p t i c a l  cons ide ra t ions .  It i s  shown t h a t ,  f o r  f i l m s  depos i ted  
on t r a n s p a r e n t  s u b s t r a t e s ,  the ra t io  of photoemission c u r r e n t s  for 
i l l u m i n a t i o n  from f r o n t  and rear can be used t o  determine t h e  h o t  
e l e c t r o n  range without t h e  usua l  approximations regard ing  uniformity 
of t h e  work func t ion  and brev i ty  cf t h e  o p t i c a l  a t t e n u a t i o n  l eng th .  
The dependence of t h e  emission r a t io  on f i l m  t h i ckness  i s  i n d i f f e r e n t  
t o  t h e  alternate i n t e r p r e t a t i o n  of t h e  range as a b a l l i s t i c  pa th  
l e n g t h  o r  as a d i f f u s i o n  length .  
suggested by t h e  c a l c u l a t i o n  is app l i ed  t o  measurements i n  vapor- 
depos i ted  unannealed f i l m s  of molybdenum, tantalum, and rhenium. I n  
a l l  t h r e e  cases, t h e  e l e c t r o n  ranges were less than  t h e  o p t i c a l  
decay l eng ths  f o r  e x c i t a t i o n  wavelengths i n  t h e  q u a r t z  u l t r a v i o l e t .  
For molybdenum and rhenium, t h e  ranges w e r e  1 o r  2 q a ,  and f o r  
tan ta lum 3 t o  14  qp, the l a t t e r  va lue  occurr ing  a t  t h e  longes t  
experimental  wavelength, 265mp. Absence of a v e c t o r i a l  effect  i n  
t h e 2 h o t c e d s s i o n  f r o m  such f i l m s  i s  taken  as evidence t h a t  t h e  
short  ranges observed should be i n t e r p r e t e d  as d i f f u s i o n  l eng ths .  

The method of d a t a  a n a l y s i s  
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V a r i a b i l i t y  of the Opt ica l  Proper t ies  of Molybdenum, by C. T .  Raymo 
and D. W. Juenker 
Socie ty  of  America, September 7,  1965). 

(sbbmitted t o  the  Journa l  of t h e  Opt ica l  

A v a r i e t y  of bulk and f i l m  samples of molybdenum were s tudied  
i n  t h e  v i s i b l e  and near  uv regions w i t h  t h e  purpose of discovering 
r e g u l a r i t i e s  i n  t h e  behavior of t h e i r  o p t i c a l  cons tan ts .  It w a s  
found t h a t  t h e  dependence of t h e  r e f r a c t i v e  i n d i c e s  on th ickness  
fo r  f i l m s  t h i n n e r  t han  5 0 w  was of t h e  type usua l ly  a s soc ia t ed  w i t h  
an agglomerate state,  d e s p i t e  t h e  fact t h a t  no i s l a n d s  were 
observable  by e i e c t r o n  microscopy. For t h e  case of bulk molybdenum 
and t h i c k e r  f i lms ,  t h e  o p t i c a l  cons t an t s  w e r e  found gene ra l ly  t o  
occupy p o s i t i o n s  i n  a narrow band on t h e  n-k plane,  w i t h  the  m o r e  
completely annealed, coarse-grained materials having t h e  h ighe r  
values  of n and k. Such bands extended between t h e  approximate 
l i m i t s  1 . 0  i 1 . 2  i and 3.6 - 3 . 8  i for  v i s i b l e  wavelengths: i n  t h e  
u l t r a v i o l e t ,  t h e  upper extremity moved t o  l o w e r  values  of n with 
decreasing wavelength, 
complex r e f r a c t i v e  index f r o m  sampie t o  sample w a s  found t o  be 
a t t r i b u t a b l e  t o  t h e  v a r i a t i o n  i n  amplitude of resonant  absorpt ions 
nea r  2 , 2  and 4.0 ev. 
t h e  degree of pe r fec t ion  of t h e  sample's c r y s t a l l i n e  state.  

The observed r e g u l a r i t y  i n  v a r i a t i o n  of the 

. 
The latter v a r i a t i o n  appears t o  be r e l a t e d  t o  

Study of Surface P rope r t i e s  

1) t h e  s tudy of t h e  change i n  electrical r e s i s t a n c e  of t h i n  
molybdenum f i l m s  due to i n t e r a c t i o n  w i t h  carbon monoxide; 2 )  t h e  
s tudy of t h e  change i n  t h e  pho toe lec t r i c  work func t ion  of bulk 
molybdenum due t o  i n t e r a c t i o n  w i t h  carbon monoxide; and 3 )  t h e  
cons t ruc t ion  of an apparatus  t o  s tudy t h e  amounts of carbon monoxide 
adsorbed on s m a l l  m e t a l  sur faces  (area one square cen t ime te r )  
including s i n g l e  c r y s t a l s .  

Work continued on t h e  following t h r e e  problems: 

A prel iminary s tudy of t h e  effects of carbon monoxide on t h e  
e l e c t r i c a l  r e s i s t a n c e  of molybdenum f i l m s  w a s  completed during t h e  
sp r ing  of 1965 by M r .  T. Ansbacher as the  b a s i s  f o r  an M. S.  thesis. 
M r .  Ansbacher i s  a NASA pre-doctoral  t r a i n e e  and copies  of h i s  
thes i s  have been s e n t  t o  NASA. While these first i n v e s t i g a t i o n s  
confirmed t h e  ex i s t ence  of a measurable effect, and q u a l i t a t i v e  
conclusions could be drawn, q u a n t i t a t i v e  i n t e r p r e t a t i o n s  w e r e  no t  
poss ib l e  because t h e  apparatus  permit ted him t o  determine n e i t h e r  
the  weight and th ickness  of t h e  f i l m  nor  t h e  number of gas ao lecu le s  
i n t e r a c t i n g  with it. 
and cons t ruc t ion  has  started,  which w i l l  permit him t o  overcome 
these d e f i c i e n c i e s .  

A more e l abora t e  apparatus  has  been designed, 

The work on t h e  e f f e c t s  of carbon mcnoxiac on the  p h o t o e l e c t r i c  
work func t ion  of bulk molybdenum are being carried out  by M r .  J .  D. 
Clewley, whose summer s a l a r y  w a s  paid by t h i s  g ran t .  M r .  Cfewley 
has  been a b l e  to e s t a b l i s h  reproducible  c l ean  su r face  work func t ions  
f o r  a specimen of shee t  molybdenum subjec ted  t o  argon ion  
bombardment and hea t ing  by e l ec t ron  bombardment. The change i n  t h e  
values  of work fi lnction w i t h  t i m e  has been de ermined i n  the  
presence of a background ambient of about IO-$ t o r r  and i n  t h e  
present  of carbon monoxide a t  p re s su res  i n  the  10-6 t o r r  t o  
lom7 t o r r  range. An M. S. t h e s i s  based on t h i s  work is i n  
prepara t ion .  - 6 -  
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* A new system designed to permit the measurement of the number 
of molecules of carbon monoxide on a square 
surface has been p a r t i a l l y  constructed and tested.  The technique 
uses a radiotagged gas and requires a thin mica window in the vacuum 
system for  assay. The entire apparatus, including a molybdenum 
sample, has been assembled except for the mica window. Pressures 
less than 10 - 9  t o r r  have been obtained and the electron bornbardment 
system for  outgassing the specimen has been tested. 
modifications in design suggested by these tests, the system will 
be ready for actual investigations. 

centimeter metal 0 

After a few 
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Pro jec t  111-Numerical Method f o r  Determining t h e  
Residual Stresses Resulting f r o m  Sudden Heating 
of t h e  Inne r  Surface of a Short  Hollow Cylinder.  

I n v e s t i g a t o r :  Howard Duchacek., Accociate Professor  of Mechanical 
Engineering 

Amount of Grant: $11,813 

Progress  Report - October 8 ,  1965 

Research on t h e  above p r o j e c t  began i n  May of 1965 with t h e  
assignment of Professor Howard Duchacek t o  t h e  p r o j e c t  f o r  
one-q&er of h i s  academic program f o r  t h e  months of Apr i l  and 
May. 
Brosseau and Robert 8 .  L e e  joined t h e  p r o j e c t  for 13 weeks of t h e  
summer and w e r e  supervised by Professor  Duchacek a t  one-quar te r  
of  one-ninth bas i s .  Beginning Sept.  1 of  1965  t h e  graduate  
s t u d e n t s  are on a half-academic t i m e  b a s i s  supervised by Professor  
+Mhacek on one-qwrteracademic b a s i s  jo ined  by Professor Er l ing  
Chamberlcin also on a quarter t i m e  bas i s .  

search ,  with a numerical program designed t o  v e r i f y  t h e  effect of 
v a r i a t i o n  of thermal p rope r t i e s  on hea t  t r a n s f e r  i n  metals, 
ahd with.  a series of h e a t -  transfer experiments desiened t o  
determine t h e  f i l m  c o e f f i c i e n t  of a plasma j e t  using n i t rogen  
p lasma t o  t r a n s f e r  hea t  t o  a copper r ing .  fils0 the W'OUP 
has been concerned with t h e  app l i ca t ion  of a two dimensional 
e l a s t i c - p l a s t i c  stress ana lys i s  t o  a computer t h a t  should 
enable  c a l c u l a t i o n s  o f  thermal shock stresses and r e s i d u a l  s t r e s s e s  
i n  s h o r t  c y l i n d r i c a l  r i ngs .  

completed. A one-dimensional study o f  t h e  v a r i a t i o n  of thermal 
p r o p e r t i e s  with temperature i s  approximately 50% completed a t  
t h i s  t i m e .  Programming of a method fo r  determinat ion of stress 
a n a l y s i s  of t h e  e l a s t i c - p l a s t i c  condi t ion  i n  a c p l i n d r i c a l  r i n g  
is  approximately 20% completed. 
with devermination of a hea t  t r a n s f e r  c o e f f i c i e n t  for t h e  
n i t rogen  plasma has  been 60% completed. Reduction and a n a l y s i s  
of t h e  r e s u l t s  of t h i s  experimentation s t i l l  remains  t o  be 
accomplished which w i l l  r equ i r e  approximately t w o  n2.n months. 

Work forecas ted  w i l l  e n t a i l  a completion of t h e  above 
po r t ion  of t h e  p r o j e c t ,  and u t i l i z a t i o n  of t h e  above po r t ion  of 
t h e  program on t h e  f i f t h  and s i x t h  po r t ions  of t h e  p r o j e c t  which 
a r e  y e t  t o  be s t a r t e d .  The f i f t h  p a r t  of t h e  program w i l l  e n t a i l  

During t h e  summer of  1965, graduate  s tuden t s  Timothy L. 

During t h i s  t i m e  t h i s  group has been a c t i v e  with a l i t e r a t u r e  

A t  t h e  present  t i m e ,  t h e  l i t e r a t u r e  search has been 70% 

The experimental  work concerned 

-8- 
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a p p l i c a t i o n  of t h e  computer program t o  determine t h e  s t r e s s - s t r a i n  

i n i t i a t i o n  of a hez t  t r a n s f e r  rate through t h e  i n n e r  surface.  
The s i x t h  po r t ion  e n t a i l s  a n  experimental  program of thermal shock 
of tungs ten  r ings .  
computer information with the p a r a l l e l  experimental  program t o  be 
carried on using t h e  n i t rogen  plasma t o  h e a t  t h e  i n n e r  su r face  
of t he  r ing .  

condi t ions  i n  a c y l i n d r i c a l  r i ng  at s e v e r a l  t i m e  i n s t a n t s  af ter  

An a t t e m p t  w i l l  be made t o  correlate the 

It would appear t h a t  February of 1967 is a real is t ic  
completion d a t e  fo r  t h e  above work. 

- 9 -  



PROJECT I V  - INDIVIDUAL DIFFERENCES I N  THE 
INFLUENCE OF SENSORY ISOLATION UPON INTELLECTUAL, ~ - ~ ~~ 

EMOTIONAL, AND PHYSIOLOGIC AL FUNCTION1 MG . 
I n v e s t i g a t o r :  Donald G. Forgays, Professor  and Chairman, 

Department of Psychology 

Amount of Grant:  $ 15,422 

Progress Report - September 9 ,  1965 

Since i n i t i a t i o n  of t h i s  grant  around t h e  beginning of March of 
t h i s  year ,  t h e  following progress  has  been made: 

1. 

2 .  

3 .  

4. 

5. 

6 .  

7 .  

8 .  

A r a t h e r  complete review of t h e  p e r t i n e n t  l i t e ra ture  has 
been accomplished. Approximately 200 art icles have been 
assembled, read ,  and abs t rac ted .  It i s  contemplated 
t h a t  a review art icle of t h i s  l i t e r a t u r e  w i l l  be prepared 
i n  t h e  near  f u t u r e .  

On t h e  b a s i s  of t h i s  review of l i t e r a t u r e ,  it w a s  
deLided t o  employ a water-tank i s o l a t i o n  r a t h e r  than  
i s o l a t i o n  i n  a sound-proofed chamber. This  i s o l a t i o n  
i s  apparent ly  far  more e f f e c t i v e  i n  producing r e s u l t s  
quickly (wi th in  t h r e e  hours or  so) without t h e  
cumbersome d i f f i c u l t i e s  of maintaining s u b j e c t s  for  
longer  (a week) per iods  of t i m e  i n  t h e  sound-proof mom. 

A water tank has  been provided commercially and is now 
assembled i n  t h e  space assigned t o  t h i s  p r o j e c t  i n  t h e  
old plumbing shop. 

The phys io logica l  measures  t o  be obtained have been 
decided upon and appropriate  equipment purchased (a 
physiograph) t o  make the  measures. 

The p e r s o n a l i t y  measures t o  be obta ined  have been 
decided upon and appropriate  measuring instruments  
ordered. 

Approximately 30 sub jec t s  have been r e c r u i t e d  t o  da te .  
It has no t  been d i f f i c u l t  t o  ob ta in  such "volunteers",  
e s p e c i a l l y  i n  l i g h t  of t h e  s u b j e c t  honorarium. 

Appropriate immersion equipment has  been r e c e n t l y  
obtained,  inc luding  c o m p l e t e  face mask, compression 
t ank ,  etc.  

We are i n  process  of evaluat ing t h e  immersion equipment, 
employing t h e  experimenters as sub jec t s .  A f t e r  t h i s  i s  
accomplished, an eva lua t ion  w i l l  begin of t h e  problems 
involved i n  obta in ing  the  var ious phys io logica l  measures  
under water.  When it is determined t h a t  such measures 
can be obtained r e l i a b l y ,  t h e  f i r s t  s u b j e c t s  w i l l  be 
subjec ted  t o  t h e  i s o l a t i o n  immersion. This  should occur  
by t h e  middle of October. 
throughout t h e  dura t ion  of t h e  g ran t .  

-10- 
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PROJECT V - SMOOTH MUSCLE ACTIVITY 
as 

RECORDED BY mI0 TELEMETRY 

I n v e s t i g a t o r :  Kenneth R. Simmons, Ass i s t an t  Professor ,  Animal and 
Dairy Science 

Amount of G r a n t  : $3,910 

Progress Report - October 8 ,  1965 

This p r o j e c t  has  not  y e t  reached t h e  data c o l l e c t i n g  s t age  
p r i n c i p a l l y  because it w a s  no t  a c t i v a t e d  u n t i l  June 1, 1965. 
all of t h e  necessary equipnent has been rece ived  and some prel iminary 
s t e p s  have been t aken  toward developing techniques for  recording 
smooth muscle a c t i v i t y  by rad io  te lemet ry .  
concerned with comparisons between direct  recording of muscle 
p o t e n t i a l  and tha t  recorded via  radio t r ansmi t ion ;  and with t h e  
development of sensory e lec t rodes  and t h e i r  proper placement. 
s t e p s  are necessary for an understanding of t h e  s i g n a l s  received by 
t h e  t r a n s m i t t e r  which was designed i n i t i a l l y  for  ECG t ransmission.  

However, 

Work now i n  progress  i s  

These 
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PROJECT VI: DISTRIBUTION AND PHYSIOLOGICAL EFFECTS 
IN BRAIN OF CU RRENTS FROM EXTERNAL ELE CTRODES . 

I n v e s t i g a t o r s :  S tan ley  Rush, Associate Professor of Electrical 
Engineering and Wilbert  F. Chambers, Associate 
Professor of Anatomy. 

Amount of Grant: $ 17,650 

Progress Report - 30 August 1965 

Progress t o  date has been made i n  f o u r  ca t egor i e s .  

( 1,) Planning 
( 2 - 1  
( 3 Measurement 
( 4 , 1 

Purchase  and  Construction of T e s t  Equipment 

Theore t ica l  Analyses 

B r i e f l y ,  progress  i n  each of these areas i s  summarized below; 

(1.1 Planning has  been completed t o  cover  i n  de ta i l  
experiments and analyses  which w i l l  run through approximately t o  
June 1, 1966, 
year.  The i n i t i a l  experiments w i l l  cover s t u d i e s  of v a r i a t i o n  of 
s k u l l  th ickness  and r e s i s t i v i t y ,  measurements of c u r r e n t  d i s t r i -  
bu t ion  through human and c a t  s k u l l s .  

between t w o  conduction l aye r s .  
the  s p e c i f i c a t i o n  and purchase of the equipment descr ibed below . 

Preliminary planning has  been s t a r t e d  for  a following 

Theoretical Analyses will 
be made t r e a t i n g  t h e  s k u l l  as sphere and as a p r o l a t e  spheroid 1 

The planning phase has r e s u l t e d  i n  

(2.) Equipment which has  been ordered inc ludes  a s i g n a l  
genera tor ,  s t e r e o t a x i c  mounts, s k u l l s ,  a preampl i f ie r ,  tuned 
a m p l i f i e r  and d i g i t a l  voltmeter.  All bu t  t h e  l as t  i t e m  is a t  hand 
and that is expected wi th in  the  next  week. Numerous other mechan- 
ical  and electrical components necessary for  t h e  c u r r e n t  dens i ty  
measurements have been designed and f a b r i c a t e d  and are being tested. 

( 3 . 1  Measurements of t h e  s k u l l s '  t h i ckness  have been 
c a r r i e d  out  and measurements of s k u l l  r e s i s t i v i t y  have been 
i n i t i a t e d .  The r e s i s t i v i t y  measurements were hampered by a 
completely unexpected effect which has been traced t o  fungus growth 
i n  t h e  s k u l l .  Resolution of t h i s  d i f f i c u l t y  is i n  process.  

(4.1 Both t h e o r e t i c a l  analyses  discussed i n  the  planning 
s e c t i o n  have been i n i t i a t e d  and c a r r i e d  forward t o  t h e  poin t  where 
it can be demonstrated t h a t  t h e o r e t i c a l  s o l u t i o n s  are poss ib l e  i n  
a u s e f u l  form. 

- 12 - 
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Pro jec t  V I 1  - (a) Bioenerrrv Electr ical  Sources 
(b) Radiological Data Processing- Contract 
Demarcation and Mult icolor  P resen ta t ion  

I n v e s t i g a t o r :  Wilfred Roth, Professor and Chairman, Dept. of 
Electr ical  Engineering 

Amount of Grant:  $19,971 I 

Progress Report - September 24, 1965 I 

1. Int roduct ion  

The o r i g i n a l  award of NASA funds made i n  t h e  Spring of 1 9 6 5  
under t h i s  p r o j e c t  number were t o  be used fo r  t h e  development of 
Bioenergy Electr ical  Sources.  Since t h e  funds were received i n  
mid-semester, it w a s  no t  poss ib le  t o  appoint graduate s tuden t s ,  
acqui re  apparatus ,  etc.  at  the  d a t e  i n i t i a l l y  a n t i c i p a t e d .  
Consequently, t h e  rate of  expenditure w a s  less than  contemplated. 

I n  view of t h e  su rp lus  funds, a proposal  w a s  submitted t o  t h e  
NASA Advisory Committee suggesting t h e  u s e  of p a r t  of t h e s e  funds 
t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of d isp lay ing  X-ray radiographs 
i n  f u l l  color. 
p r o j e c t s  have been pursued during t h e  summer and t o  t h e  present  
da te .  

This proposal  w a s  reviewed favorably and both 

11. Progress on Bioenergy Electrical  Sources. , 

A mechanical pressure  source has been cons t ruc ted  t o  
s imulate  t h e  human r e s p i r a t o r y  cycle .  The source can be used 
with e i t h e r  l i q u i d s  o r  gases ,  b u t ,  f o r  t h e  p re sen t ,  a i r  has 
been t h e  working medium. 
t o  convert  t h e  c y c l i c  pressure output  of t h e  lung s imula tor  t o  a 
s t a t i c  pressure.  Severa l  hydrodynamic f l i p - f l o p s  have been 
procured t o  convert  t h e  s ta t ic  pressure  head i n t o  an - 
o s c i l l a t o r y  pressure  wave i n  t h e  frequency range around one 
thousand cps.  
convert  t h e  1 KC pressure  wave i n t o  a 1 KC electrical wave. 
This  i s  r e c t i f i e d  t o  produce a constant  DC output .  

A l l  elements of a complete system have been assembled on 
t h e  bench i n  o r d e r  t o  determine where t h e  major problems are. 
We are new a t  t h e  po in t  where w e  recognize t h e  problems-and 
many severe ones are present--  and w e  are t a c k l i n g  them i n  a 
s y s t e m a t i c  way. 
necessary i n  a l l  elements of t h e  system as w e l l  as i n  f i n a l  
packaging if w e  are t o  achieve a p r a c t i c a l  implantable device.  
We have, however, e s t a b l i s h e d  t h e  very important fact t h a t  
conceptual ly  w e  a r e  on firm ground. We can produce electrical  
energy from t h e  r e s p i r a t o r y  cycle although, t o  d a t e ,  t h e  power 
output  i s  measured i n  microwatts r a t h e r  than  m i l l i w a t t s .  

Pneumatic elements have been f a b r i c a t e d  

A p i e z o e l e c t r i c  t r ansduce r  has  been cons t ruc ted  t o  

Orders of magnitude of improvement are 
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h 111. Radiological  Data Processing--Contrast Demarcation and 
Mult icolor  Presenta t ion  

This p r o j e c t  w a s  i n i t i a t e d  i n  June t o  permit prel iminary 
exp lo ra t ion  of t h e  f e a s i b i l i t y  of converting t h e  r a d i o l o g i c a l  
gray scale i n t o  a f u l l  c o l o r  presenta t ion .  
a commercial color t e l e v i s i o n  set w a s  purchased s i n c e  a t h r e e  
color p i c t u r e  tube plus many of the e l e c t r o n i c  c i r c u i t s  and 
power supp l i e s  requi red  f o r  i t s  opera t ion  could be adapted d i r e c t l y  
f o r  our needs. Addit ional  circuits w e r e  designed during t h e  
summer fo r  convert ing black and white TV s i g n a l s  i n t o  a form 
requ i red  for f u l l  color presenta t ion .  I n  August, a r e l a t i v e l y  
crude system was placed i n  operat ion and w e  w e r e  able t o  convert  
a standard black and white t e l e v i s i o n  program i n t o  full color. 

On t h e  basis of t h e s e  encouraging e a r l y  r e s u l t s ,  w e  are 
p r e s e n t l y  engaged i n  t h e  cons t ruc t ion  of improved apparatus  
and w e  a n t i c i p a t e  t y i n g  our color-coded system i n t o  t h e  closed 
c i r c u i t  TV system i n  t h e  Department of Radiology a t  the Mary 
F le t che r  wi th in  t h e  next  f e w  months. 

To expedi te  t h e  work, 
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I, 
m PROJECT V I I I :  COMPUTER APPLICATIONS IN CLINICAL PATHOLOGY 

* . 
I n v e s t i g a t o r :  Rex D. Couch, M.D., Ass i s t an t  Professor of 

Pathology 

Programer :  Edmund Shephard 

Amount of Grant: $ 17,708 

Progress  Report - August, 1965  

I. Current Projects 

A. Qual i ty  Control S t a t i s t i c a l  Program 

This program takes values of analyses  of  s tandard  c o n t r o l  
serums tested over  a period of 3 t o  6 months, adding the new 
da ta  a t  the  end of each month, and c a l c u l a t e s  mean and s tandard  
dev ia t ions  for each a n a l y s i s .  
which are l i s t e d  t o  provide a working " w a l l  cha r t "  fo r  t h e  
manual p l o t t i n g  of t h e  da t a  for t h e  next  month. These manual 
p l o t s  provide a v i s u a l  check of q u a l i t y  c o n t r o l  u t i l i z i n g  a l l  
t h e  t imely da t a .  (FORTRAN) 

The r e s u l t s  are output  on cards 

B. C l i n i c a l  Chemistry S t a t i s t i c a l  Program 

Chemistry are i n p u t  t o  a s ta t is t ical  program i n  which t h e  
fol lowing are c a l c u l a t e d :  mean, median, mode, s tandard  
dev ia t ion ,  average devia t ion ,  per  cen t  of observat ions over 
t h e  mode, va lues  a t  t h e  2 5 t h  and 75th p e r c e n t i l e s ,  i n t e r q u a r t i l e  
range,  and s e m i i n t e r q u a r t i l e  range. This program has a l s o  been 
u t i l i z e d  t o  compute "normal quot ien t"  values .  The r e s u l t s  
obtained are u t i l i z e d  i n  s t u d i e s  on au tomat i c  limits evalua- 
t i o n ,  s epa ra t ion  of t r u l y  normal from abnormal r e s u l t s ,  and i n  
c l a s s i f i c a t i o n  of labora tory  tests wi th  respect t o  the i r  
func t ion  and u t i l i z a t i o n .  (FORTRAN and 1620 SPS) 

All values  obtained from every a n a l y s i s  i n  C l i n i c a l  

C. Edi t ing  and Prototype L i m i t s  Evaluat ions Program 

All i npu t  cards  generated i n  the c l i n i c a l  l abo ra to ry  are 
processed by t h i s  program first.  A f t e r  sample-sorting of 
c e r t a i n  cr i t ical  ca rd  f ie lds  o f f - l i n e ,  t h i s  program analyzes 
t h e  data for  i n p u t  and t echn ica l  or clerical  e r r o r s  by means of 
comparison t o  e s t ab l i shed  limits. These limits are now 
a r b i t r a r i l y  s e t  a t  w h a t  are be l ieved  t o  be physiologic  l i m i t s .  
A l l  d a t a  ou t s ide  these limits are rejected by the program and 
i d e n t i f i e d  for follow-up of the source of probable error. A t  
t h e  same t i m e  t h i s  program is  he lp ing  t o  e s t a b l i s h  physiologic  
limits as the d a t a  accumulates. (1620 SPS) 
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D. Examination Evaluation Program 

The answers f r o m  w r i t t e n  examinations are en te red  on cards  
by means of Porta-punch s t y l e t s  and are processed by the 
FORTRAN program. This program d i r e c t s  t he  reading of master 
cards conta in ing  correct answers and scores from other por t ions  
of t h e  examination no t  t o  be machine-graded. The output  in--  
c ludes test  scores, frequency d i s t r i b u t i o n s  of answers for  each 
ques t ion ,  performance of upper and lower p e r c e n t i l e  ranks for  
each ques t ion ,  and means and s tandard  dev ia t ions  fo r  t h e  por t ion  
of t h e  t e s t  t h a t  w a s  machine-graded and for any o t h e r  segments 
of t h e  examinations t h a t  were furnished on input .  I n  t h i s  
manner t h e  examination i s  no t  only graded, bu t  can be objec- 
t i v e l y  evaluated as w e l l .  

E. T e s t  R e s u l t  P a t t e r n  Analysis 

This p r o j e c t  w a s  undertaken cooperat ively with Doctor 

Pa t te rns  of data f r o m  4 chemical tes ts ,  
Donald A, B. Lindberg of the Universi ty  of Missouri Medical 
Computing Center. 
sodium, potassium, ch lor ide ,  and bicarbonate  (serum 
e l e c t r o l y t e s )  w e r e  analyzed i n  p a t i e n t s  from our  2 i n s t i t u t i o n s  
and from d a t a  published by Bradham.1 The m o s t  remarkable f ind-  
i n g  w a s  the great s i m i l a r i t y  of d a t a  f r o m  t h e  3 i n s t i t u t i o n s .  
O f  i n t e r e s t  to us w a s  the fact t h a t  the  most commonly occurr ing  
p a t t e r n  i n  p a t i e n t s  at the Universi ty  of Vermont w a s  n o t  t h e  
normal one. 
t h a t  d a t a  from h o s p i t a l  in -pa t ien ts  should n o t  be evaluated 
by means of statistical technics  based on a gaussian d i s t r i -  
bution. The r e s u l t s  of t h i s  s tudy w i l l  be published.2 (See 
also I I A ) .  

- 
This f i n d i n g  o b j e c t i v e l y  suppor ts  our impressions 

F. L i m i t s  Evaluat ion Program 

Our philosophy of limits eva lua t ion  c o n s i s t s  of designing 
programs tha t  w i l l  (1) simulate  the c l i n i c a l  p a t h o l o g i s t ' s  
checking of a l l  values  reported from h i s  l abora to ry ,  ( 2 )  prepare 
the  data i n  a way t h a t  w i l l  f ac i l i t a te  r a p i d  r e p o r t i n g  by 
automatic means, and ( 3 )  u t i l i z e  the data i t se l f  as .a  t o o l  t o  
eva lua te  t h e  r e s u l t s  as they are produced. This program, s t i l l  
being w r i t t e n ,  c o n s i s t s  first of comparison of a l l  values  t o  a 
predetermined set of limits t h a t  are thought t o  be t h e  
phys io logic  l i m i t s .  
obtained from statist ical  a n a l y s i s  of t h e  va lues ,  they  are then  
t o  be compared t o  t h e  i n t e r q u a r t i l e  range va lues  for  t h e  p a r t i -  
c u l a r  substance.  These values seem t o  d i v i d e  t h e  chemical 
tests i n t o  3 groups, (1) confirmatory tests, (2) screening  
tes ts  , and ( 3 )  i n t e r r o g a t i v e  tests, t h e  l a t t e r  being those 
tests u t i l i z e d  i n  def in ing  broad d i agnos t i c  ca t egor i e s  i n  
problem cases. From t h i s  po in t  limits eva lua t ion  d i f f e r s  f r o m  
one t es t  t o  another ,  depending upon which of the 3 ca tegor i e s  
it f i t s  b e s t .  This i s  the  c u r r e n t  working hypothesis  f o r  
l i m i t s  eva lua t ion ,  

Because of t h e  n a t u r e  of t h e  r e s u l t s  

.I 

I Bradham, G. E Gadsden, R . :  Surg.,Gyn., E Obstet. 114:535-538, 1962. 
*Lindberg, I). , VanPeenen, H. E Couch, R.  : AM. J. Clin.  Path. ,  Aug. ' 65 .  - 16 - 



11, J o i n t  P r o j e c t s  w i t h  Department of Electrical  Engineering 

A. Recognition of Diagnostic T e s t  P a t t e r n s  

This p r o j e c t  is beginning i n  cooperation w i t h  D r .  David 
L a i .  
dimensional vec tor  system. The r e s u l t a n t  vec tors  of t h e  d a t a  
f r o m  i n d i v i d u a l  p a t i e n t s  w i l l  be analyzed and c o r r e l a t e d  with 
diagnoses.  The areas of occurence of various d i seases  i n  t h i s  
system w i l l  then be u t i l i z e d  t o  f i n d  o t h e r  d i agnos t i c  combina- 
t i o n s  of test p a t t e r n s  by means of p r o b a b i l i t y  d e n s i t y  ana lys i s .  

Quan t i t a t ive  r e s u l t s  of tests w i l l  be arranged i n  a 3 

B. Transducer D e s i g n  for Automated C l i n i c a l  Chemistry Analysis 

The problem of captur ing chemical data from automated 
ana lyses  for i n p u t  has l e d  us t o  be l i eve  t h a t  a peak-reading 
t r ansduce r  w i t h  some computing c a p a b i l i t y  could be produced 
at r e l a t i v e l y  low cost. A prototype instrument is  being 
developed t o  scan  signals f r o m  t h e  spectrophotometer u n i t  i n  
timed sequence and t o  compute values  based on s tandard  spec i -  
mens. These values would then  be t ransmi t ted  d i r e c t l y  t o  a 
t e l ep rocess ing  keypunch f o r  completely automatic d a t a  input .  

C ,  Instrument Development i n  C l i n i c a l  Pathology 

As a part of t h e  t r a i n i n g  program in C l i n i c a l  Pathology 
and the  Graduate Program i n  Electrical Engineering a combined 
p r o j e c t  i n  labora tory  instrument development is  being developed. 
'ITL-. Chairman of t h e  Electrical Engineering Department, D r .  
Wilfred Roth, has  extensive experience i n  instrument des ign  and 
t e s t i n g .  
ment can best be performed i n  a pr imar i ly  non-commercial 
u n i v e r s i t y  environment. 
fo r  t h e  es tab l i shment  of t h i s  type of research. 

I t  i s  our  b e l i e f  t h a t  l abora tory  instrument  develop- 

Laboratory medicine has a great need 

111. Facili t ies and Personnel 

A. The system u t i l i z e s  an I B M  1620 d i g i t a l  computer with 40K 
core s torage .  Card inpu t  and card and console typewriter 
output  arc .mailable. A*"stripped" IBM 407 Accounting 
Machine se rves  as an o f f - l i ne  p r i n t e r ,  Data i n p u t  is 
achieved with IBM 026 keypunch i n  tandem with IBM 1092/1093 
programmed input keyboards. Transmission between the 
la t ter  is  through 401 series Western Electric Dataphones, 
An IBM 0 8 2  card sorter provides f o r  prel iminary card  e d i t -  
i n g  and checking a t  t h e  i n p u t  si te.  
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€3. Regular personnel i n  addi t ion  t o  t h e  P r inc ipa l  I n v e s t i g a t o r  
are: 

1. F u l l  t i m e  programmer - w r i t e s  major programs i n  
1620/1710 SPS; s h o r t  programs may be w r i t t e n  i n  
FORTRAN 11. Previous t r a i n i n g  inc ludes  ex tens ive  
experience with IBM Unit Record equipment and IBM 
1 4 0 1  programming. 

2.  Input  c l e r k  - spends approximately 1 1 / 2  hours d a i l y  
on c u r r e n t  chemistry d a t a  i n p u t  and 2 1 / 2  hours on o ld  
chemistry d a t a  back t o  J u l y ,  1964.  

C . P a r t - t i m e  Personnel 

1. Programming trainees - 2 c u r r e n t l y  working summer 
session i n  programming and d a t a  input .  
mathematics major, t h e  o t h e r  e n t e r s  Medical College,  
F a l l  1 9 6 5 .  

One is a 

2 .  Systems engineer  c u r r e n t l y  being made a v a i l a b l e  fo r  
c o n s u l t a t i o n  and ongoing systems a i d  through t h e  
cour tesy  of IBM Corporation. 

I V .  Consul ta t ive Personnel A v a i l a b l e  

A. 

B. 

C. 

D. 

Computer technology - t h e  Director of t h e  UVI4 computing 
cen te r  and a n c i l l a r y  workers are a v a i l a b l e  and have been 
inva luable  a s s i s t a n c e .  
e x i s t s  i n  t h i s  area. 

Ar? exce l len t  c l h a t e  of cooperation 

Instrumentat ion - I n  addi t ion  t o  j o i n t  p r o j e c t s  now underway, 
t h e  Electr ical  Engineering s taff  provides cons t an t  a i d  and 
advice . 
Sta t i s t ics  - Consultation i n  t h i s  d i s c i p l i n e  has  been from 
numerous persons.  I n  t h e  summer of 1965 ,  3 fu l l - t ims  
s t a t i s t i c i a n s  w i l l  be a v a i l a b l e ,  2 of whom w i l l  be on a t  
least  half- t ime s t a t u s  with t h e  College of Medicine, 

Programming - The IBM Corporation has  f i n i s h e d  consu l t a t ion  
and a s s i s t a n c e  i n  programming c u r r e n t  p r o j e c t s .  
t i o n ,  a programming i n s t r u c t o r  has  been provided for  
a s s i s t a n c e  i n  a continuing course i n  FORTRAN o f f e r e d  t o  
College of Medicine personnel by t h e  P r i n c i p a l  I n v e s t i g a t o r .  

I n  addi- 
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Diagnosis by Pat te rn  Recognition Techniques 

We have r e c e n t l y  started t o  develop methods fo r  machine 
d iagnos is  along t h e  l i n e  of p a t t e r n  recogni t ion.  Each p a t i e n t  is 
cha rac t e r i zed  by a sequence of n numbers which are the r e s u l t s  of 
n tests and/ o r  symptom ques t iona i res .  I n  o t h e r  words, a p a t i e n t  
is represented  as a vec tor  i n  t h e  n-dimensional measurement space,  
A technique for  opt imal ly  p a r t i t i o n i n g  t h e  n space i n t o  disease 
reg ions  has  been developed. 
it out ,  

We are now i n  t h e  process of  t r y i n g  

Proceeding along t h i s  l i n e ,  a problem immediately arises; viz. ,  
We have also developed methods 

W e  

how t o  select t h e  measurements. 
for  t h e  s e l e c t i o n  of symptoms and/or measurements. 
depend very much on the h o s p i t a l  p a t i e n t  d i scharge  records. 
are now i n  t h e  process of c o l l e c t i n g  these data. 
w i l l  be w r i t t e n  fo r  t h e  proposed methods. 
described i n  d e t a i l  i n  several i n t e r n a l  memoranda. 
w e  foresee t h e  need of many many computer hours.  

We b e l i e v e  t h a t  t h e  methods developed h e r e  are novel i n  so lv ing  
d iagnos is  problems and will cont r ibu te  greatly t o  t h e  a r t  of machine 
diagnosis .  
r e s u l t s .  
of results by using t h e s e  methods and the refinement of t h e  
techniques developed so far. 

These methods 

Computer programs 

A t  t h i s  p o i n t ,  
These methods are 

Of course,  t h e  f i n a l  j u s t i f i c a t i o n  l i es  heav i ly  on the 
Therefore,  ou r  immediate f u t u r e  work is i n  t he  computing 

Most of t h e  methods developed up t o  t h i s  po in t  s u f f e r  from a 
drawback which re l ies  heav i ly  on t h e  records of c l i n i c i a n s  made on 
t h e  p a t i e n t s .  I n  o t h e r  words, t h e  machine m u s t  l e a r n  with a 
"teacher". I n  t h e  f i r s t  place,  w e  s h a l l  develop a method t o  
diagnose sub-disease groups of a major disease when t h e  machine is 
no t  t o l d  what and how many sub-disease groups are the re .  A f t e r  
t h i s  is done, w e  w i l l  learn enough t o  develop more s o p h i s t i c a t e d  
techniques which w i l l  no t  rely so much on t h e  h o s p i t a l  records 
though they are n o t  dispensable.  

- 19 - 



PROJECT IX - DIMENSION - THEORETICAL ASPECTS OF METRIZABILITY 

Investigator: Bruce R. Wenner, Assistant Professor of Mathematics 

Amount of Grant: $7,696 

Progress Report - August, 1965 
The objectives will remain the same as those listed on the 

first proposal. The first area of investigation is nearing solution. 
A Nagata metric does necessarily have a dimension-preserving 
completion on separable metric spaces, and the principal investigator 
is now concerned with a non-separable metric space for which it seems 
likely that no dimension-preserving completion exists. 
should prove t o  be the case, the problem will be completely solved. 
This particular problem may be completed with the time supported by 
the first year of the grant. 

If this 

The second and third objectives are not close to completion, 
and hence would constitute the bulk of the research under a second 
year of the grant. 

- 20 - 



i . Project X - Changes i n  Nucleolar 
U l t r a s t r u c t u r e  Related t o  P lan t  Development 

I n v e s t i g a t o r :  

Amount of Grant:  $3 ,600  

Beal R. Hyde, Professor  and Chairman, Dept. of Botany 

Progress Report - October 7 ,  1965 

The amount awarded to me on the NASA i n s t i t u t i o n a l  g r a n t  
has been l a r g e l y  spent  on a Kinney Vacuum Evaporator.  
of equipment is no t  y e t  f u l l y  i n s t a l l e d  - it r e q u i r e s  a w a t e r  
cool ing system and a s p e c i a l  e l e c t r i c a l  l ead .  It w i l l  be used 
as soon as poss ib l e  fo r  preparing g r i d s  on which b i o l o g i c a l  
material will be mounted f o r  e l e c t r o n  microscopic examination. 
It  i s  an e s s e n t i a l  t o o l  f o r  t h e  long term development of 
e l e c t r o n  microscopy a t  t h e  Universi ty  of Vermont. 
it w i l l  be used f o r  making carbon support  films, metal shadowing 
r e p l i c a  techniques a v a r i e t y  of s i t u a t i o n s  which r e q u i r e  
evaporat ion of m e t a l  i n  a vacuum. 

T h i s  p i ece  

Longer term, 
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Pro jec t  X I  - Lehrman-Symamik-Zinemann 
Formula as a Ca lca l a t iona l  Techniaue i n  F ie ld  Theorv S1 

I n v e s t i g a t o r :  Leonard M. Scarfone, Ass i s t an t  Professor  of P h y s i c s  

Amount of Grant: $857 

Progress Report October, 1965 

The NASA support  receivecl by t h e  present  w r i t e r  dur ing t h e  
summer (1965)  w a s  app l i ed  t o  a s p e c i f i c  problem wi th in  a more 
gene ra l  educa t iona l  and t h e o r e t i c a l  research p r o j e c t  i n  physics .  
The s o l u t i o n  t o  t h e  problem was obtained and a r e p o r t  of t h i s  
work under t h e  auspices  of NASA has been accepted for  pub l i ca t ion  
i n  t h e  American Journa l  of Physics.  An abstract of t h e  paper i s  
given below: 

n o n t r i v i a l  charge and m a s s  renormalizat ion provides  an 
elementary example of t h e  Lehmann-Symanzik-Zimmermann formalism. 
The b a s i c  q u a n t i t i e s  of i n t e r e s t  i n  t h i s  method of c a l c u l a t i o n  
are t h e  vacuum expec ta t ion  values of time-ordered Heisenberg 
ope ra to r s  and by s tudying t h e  a n a l y t i c  p r o p e r t i e s  of  t h e  Four ie r  
transforms of these . funct ions,  the first n o n t r i v i a l  subspace 
of t h e  model i s  solved without r e s o r t i n g  t o  eigenvalue equat ions.  
The f u l l  Lee model w a s  r ecen t ly  analyzed w i t h  t h i s  technique 
and i? seems pedagogically appropr ia te  t o  carry out  an analogous 
c a l c u l a t i o n  i n  an even more elementary context .  

The one boson Lee model of a so lvable  f i e l d  theory w i t h  
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Pro jec t  X I 1  - Calcula t iona l  and Experimental 

Aspects of  Entropy Determinations 

I n v e s t i g a t o r :  Claus A. W d f f  Assis tan t  Professor, Dept. 

Amount of  Grant: $12,706 

Progress  Report - October 8,  1965 

of Chemistry 

A s ta r t  has  been made on t h e  c a l c u l a t i o n a l  aspects of t h i s  
program. A number of en t rop ie s  have been c a l c u l a t e d  by Second Law 
methods. These w i l l  form p a r t  of t h e  inpu t  d a t a  fo r  t h e  proposed 
r e v i s i o n  of "Latimer's Rules". 
propane, isobutane,  and neopentane have been selectea f o r  b a r r i e r  
he igh t  eva lua t ions .  Such an ana lys i s  has r e c e n t l y  been completed 
for  t h e  methyl-thiophenesl.  This author  i s  c u r r e n t l y  working with 
the u n i v e r s i t y  adminis t ra t ion  on t h e  prepara t ion  of a budget 
and t he  release of NASA I n s t i t u t i o n a l  Grant funds a l l o c a t e d  for 
t h e  per iod  September 1, 1965 t o  January 31, 1966.  

A number of systems e.q. ethane,  

H. G .  Carlson, C. A.Gfulff and E. F. Westrum, Jr., t o  be 
published. 
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APPENDIX 

Project descriptions in the form 

of proposals as submitted to the 

NASA Sustaining Grant Advisory 

Committee. 
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PROJECT I - UNIFIED ENGINEERING SHOP 

This is i d e n t i f i e d  as a project  for budgetary control  
purposes only. B y  Executive Committee ac t ion  $ 6 , 0 2 5  of the  
grant fund w a s  a l loca ted  for the purchase of s p e c i f i e d  equip- 
ment needed i n  the  Unif ied Engineering Shop. Authorization 
w a s  g iven for the  purchase of :  

Engraving machine 
F i l i n g  Machine 
Prec is ion toolmaker's la the  
Abrasive b e l t  f i n i s h i n g  machine. 
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PROJECT 

T l t l e :  

I1 

Experimental Study of Pho toe lec t r i c ,  Op t i ca l  and S u r f a c e  
P rope r t i e s  of Trans i t i on  Metals. 

I n v e s t i g a t o r s :  Albert  D. C r o w e l l  and David W .  Juenker,  Professors 
Department of Physics - 

Objectives:  The long range ob jec t ives  of t h i s  research are t h e  
continued s tudy  of the mechanism of p h o t o e l e c t r i c  emission from 
m e t a l s ,  the  e l u c i d a t i o n  of the  cha rac t e r  and causes of the 
o p t i c a l  p r o p e r t i e s  of metals from t h e  v i s i b l e  through the far 
u l t r a  v i o l e t  i n  terms of the c r y s t a l l i n e  and e l e c t r o n i c  s t r u c t u r e s  
of m e t a l s ,  and t h e  i n v e s t i g a t i o n  of the phys ica l  na ture  and elec- 
t r o n i c  consequences of t h e  i n t e r a c t i o n  of molecules w i t h  metal 
surfaces. The ob jec t ives  of the  s p e c i f i c  p r o j e c t s  t o  be under- 
taken  i n  t h e  immediate f u t u r e  are: 
a) T o  determine t h e  o p t i c a l  cons tan ts  of evaporated films and 
bulk specimens of molybdenum, tantalum, tungs ten ,  and rhenium, 
as func t ions  of wavelength i n  t h e  v i s i b l e  and n e a r - u l t r a v i o l e t  
s p e c t r a l  regions.  
b) To measure t h e  pho toe lec t r i c  y i e l d ,  and its e l e c t r o n  energy 
d i s t r i b u t i o n ,  f r o m  t h e  foregoing metals, and t o  determine the 
dependence of these q u a n t i t i e s  on t h e  o r i e n t a t i o n  of the e x c i t i n g  
f i e l d  r e l a t i v e  t o  t h e  e m i t t i n g  sur face ,  
c) The determinat ion of the  e f f e c t s  of a simple chemically a c t i v e  
gas ,  s p e c i f i c a l l y  CO, or  t h e  e l e c t r i c a l  p r o p e r t i e s  of t h i n  films 
of t r a n s i t i o n  metals such as Mo and Ni, 
d )  The s tudy of the changes i n  p h o t o e l e c t r i c  work func t ion  of 
Mo or similar metals produced by i n t e r a c t i o n  of t h e  su r face  with 
co. 
e)  The measurement of t h e  amount of gas adsorbed and the  ac t iva -  
t i o n  ene rg ie s  of desorp t ion  s n  metal su r faces  (e.g. Mo, Nil w i t h  
areas of t h e  o rde r  of 1 . 0  c m  . 
J u s t i f i c a t i o n s :  The p r o j e c t s  t o  be undertaken will i n i t i a t e  a 
sys temat ic  i n v e s t i g a t i o n  of the p h o t o e l e c t r i c ,  o p t i c a l  and sur-  
face p r o p e r t i e s  of t r a n s i t i o n  metals a t  shorter wavelengths and 
i n  g r e a t e r  de t a i l  than h i t h e r t o  achieved. As a group, these 
p r o j e c t s  c o n s t i t u t e  a n  i n v e s t i g a t i o n  of unusual scope, which 
through t h e  c o r r e l a t i o n  of a v a r i e t y  of measurements on the  
s a m e  materials may be expected t o  inc rease  s i g n i f i c a n t l y  the 
range of information and the  understanding of the  na ture  of t h e  
fundamental p rope r t i e s  of matter.  
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J u s t i f i c a t i o n s  of specific p ro jec t s  : 

a)  The values  of t h e  o p t i c a l  cons tan ts ,  and t h e  range of t h e i r  
v a r i a t i o n  between t h e  bulk and f i l m  forms of the m e t a l s  are data 
d i r e c t l y  app l i cab le  t o  t h e  design of r e f l e c t i o n - o p t i c a l  systems. 

The spectral dependence of t h e  o p t i c a l  cons tan ts  can be 
i n t e r p r e t e d  i n  terms of e l e c t r o n  energy t r a n s i t i o n s  i n  t h e  metal, 
and i n  t h i s  r e spec t ,  t h e  proposed experiment is  needed t o  comple- 
ment similar assays of the e l e c t r o n  ene rge t i c s  of metals which 
have been, o r  w i l l  be, carried o u t  at s h o r t e r  wavelengths. 

A t  wavelengths below about 300 mp, a knowledge of t h e  o p t i c a l  
cons t an t s  is necessary t o  t h e  proper  i n t e r p r e t a t i o n  of photo- 
e lectr ic  measurements . 
b)  The energy d i s t r i b u t i o n  of photoemitted e l e c t r o n s  can be 

used  i n  conjunct ion with t h e  spectral dependence of the o p t i c a l  
p r o p e r t i e s  t o  es tabl ish t h e  i d e n t i t i e s  of e l e c t r o n  energy t r a n s i -  
t i o n s  i n  t h e  metal. The chances are poor t h a t  any e x c i t e d  states 
of t h e  metals i n  ques t ion  w i l l  f a l l  wi th in  the range accessible 
t o  t h e  q u s r t z  u l t r a v i o l e t ,  bu t  t h e  proposed experiment w i l l  test 
a novel energy a n a l y s i s  method t h a t  can be adapted u l t ima te ly  t o  
work i n  t h e  extreme u l t r a v i o l e t ,  

The dependence of photoemission n t h e  angle  of incidence 
and state of p o l a r i z a t i o n  of the  inc iden t  i l l umina t ion  ( v e c t o r i a l  
photoeffect)  has  d i r e c t  a p p l i c a t i o n  t o  t h e  cons t ruc t ion  of 
p o l a r i z a t i o n  detectors. More important is t h e  information it 
y i e l d s  concerning t h e  photoemission mechanism, and p a r t i c u l a r l y  
the  l o c a l i t y  of t h e  photoexci ta t ion  process and t he  t r a n s p o r t  of 
h o t  e l e c t r o n s  t o  t h e  sur face .  

c)  Thein tcr rac t ionof  a molecule w i t h  a metal su r face  is fre- 
quent ly  accompanied by a t r a n s f e r  o r  sha r ing  o f  e l e c t r o n s  be- 
tween t h e  conduction bands of t h e  m e t a l  and the molecule. As 
a r e s u l t  t h e  number of charge c a r r i e r s  and t h e  details of the 
band s t r u c t u r e  are affected. 
change in t h e  electrical conduct iv i ty  it is  expected t h a t  some 
conclusions such as the direction of e l e c t r o n  t r a n s f e r ,  about 
t he  na tu re  of t h e  i n t e r a c t i o n  can be drawn. 

By observing t h e  r e s u l t i n g  

d,e)  
those of f i l m s  may be,  a more near ly  ideal  s tudy  would c o n s i s t  
of t h e  measurement of t h e  change i n  some s u r f a c e  property of a 
known face of a s i n g l e  crystal and t h e  simultaneous determina- 
t i o n  of the amount of gas producing t h e  change. Since s i n g l e  
c r y s t a l  su r f aces  of known o r i e n t a t i o n  of t r a n s i t i o n  metals are 
a v a i l a b l e  w i t h  areas of a t  most a f e w  cent imeters  square ,  the 
a v a i l a b l e  observable  p rope r t i e s  are severe ly  l imited and t h e  
measurement of t h e  amount of gas is no t  poss ib l e  by convent ional  
methods. Projects (d )  and (e)  t h u s  constitute an a t tempt  t o  

Valuable as s t u d i e s  on such heterogeneous s u r f a c e s  as 
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Make an i n v e s t i g a t i o n  under condi t ions which approximate more 
c l o s e l y  than usua l  a s i t u a t i o n  which can be analyzed t h e o r e t i c a l l y .  

RelationshiD t o  NASA's Mission: 

The o p t i c a l  and pho toe lec t r i c  behavior of  m a t t e r  a t  wave- 
l eng ths  i n  t h e  u l t r a v i o l e t  i s  bas i c  t o  t h e  development of  
appropr i a t e  o p t i c a l  instrumentat ion for t h e  s tudy of u l t r a v i o l e t  
r a d i a t i o n  i n  space.  
p r o p e r t i e s  of metals produced by an i n t e r a c t i o n  wi th  molecules 
has  consequences i n  p r e d i c t i n g  t h e  lifetimes and t h e  changes i n  
ope ra t ing  c h a r a c t e r i s t i c s  of instrumentat ion used i n  space veh ic l e s .  
The inc reas ing  usage of t h i n  f i l m  components makes t h e  present  
r e sea rch  of p a r t i c u l a r  relevance. 

The change i n  t h e  electrical and o p t i c a l  

Previous Work and Present  Outlook: The genera l  area of t h e  
r e sea rch  has  been s t u d i e d  i n  varTous ways for  many years  by many 
i n v e s t i g a t o r s  and t h e  a v a i l a b l e  l i t e r a t u r e  i s  voluminous. A 
bibl iography of a l l  t h e  p e r t i n e n t  research  papers on t h e  problems 
would run t o  many pages. Background r e l evan t  t o  t h e  s p e c i f i c  
p r o j e c t s  l i s t e d  above may be b r i e f l y  summarized as follows: 

a) The o p t i c a l  p r o p e r t i e s  of bulk samples of Mo, Ta,  W, and 
R e  have been surveyed from t h e  v i s i b l e  throtigh t h e  extreme uv 
by one of t h e  p re sen t  i n v e s t i g a t o r s  and h i s  s tuden t s  during t h e  
p a s t  s e v e r a l  y e a r s 1 ~ 2 , 3 , .  
between 200 and 700 mp make it d e s i r a b l e  t o  remeasure t h e  o p t i c a l  
cons t an t s  i n  t h a t  region. Of t h e  four metals, only molybdenum 
has been Bubjected t o  a comparative s tudy of f i l m  and bulk 
specimens . Since i n  t h a t  case prospects  w e r e  good f o r  devis ing 
a depos i t ion  technique which y i e lds  a f i l m  comparable i n  o p t i c a l  
q u a l i t y  t o  a pol i shed  bulk sur face ,  it i s  appropr i a t e  t o  explore  
t h e  p r o p e r t i e s  of f i lms  of t h e  o t h e r  metals as w e l l .  

Some wavelength gaps i n  t h e  d a t a  

b) The p h o t o e l e c t r i c  experiment i n  view p e r t a i n s  t o  s e v e r a l  a 
of cu r ren t  i n t e r e s t ,  inc luding  h o t  e l e c t r o n  t r a n s p o r t  i n  metals , 
v e c t o r i a l  photoel  t r i c  effect'sg, and photoexci ta t ion  of e l e c t r o n s  
i n  t h i n  films 1 0  ,ff . The second of t h e s e  t o p i c s  has  been s tud ied  
only i n  molybdenum', among t h e  four metals of p re se  t concern. A 
cursory  examination of a t y p i c a l  f i l m  of t h a t  m e t a l g  has  revealed 
no v e c t o r i a l  effect a t  a l l ,  and one a i m  of t h e  proposed s tudy i s  
t o  determine whether t h i s  is a general  proper ty  of vapor-deposited 
films. Only one of t h e  f o u r  subjec t  metals i n  bulk form has  been 
subjec ted  t o  modern photoelectron energy a n a l y s i s .  While t h e r e  i s  
no reason t o  be l i eve  t h e  o t h e r s  w i l l  e x h i b i t  unusual behavior ,  it 
is poss ib l e  that@otcemission 
inc lude  a preponderance of s l o w  e l e c t r o n s ,  an e l e c t r o n s  an 

from f i l m s  of t h e s e  materials w i l l  
e f f e c t  t h a t  has  been noted here tofore  i n  a l k a l i  metals I d  . 
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. . 
c) I n  s p i t e  of previous observations’* of t h e  changes i n  

electrical  conduction of t h i n  metal f i l m s  due t o  i n t e r a c t i o n s  
with gas molecules, t h e  number of systems s t u d i e d  is q u i t e  
l imi t ed .  A sys temat ic  s tudy with a sequence of t r a n s i t i o n  
metals  does no t  appear t o  have been c a r r i e d  o u t ,  nor  has 
previous cons idera t ion  been given t o  t h e  changes i n  t h e  
complex impedance produced by gases, a l t h  ugh t h e  ex i s t ence  
of such an impedance for  films is known. 
WM14 on t h e  changes i n  DC r e s i s t a n c e  of evaporated Mo f i l m s  
fo l lowing  exposure t o  CO, 

Work has begun a t  

d,e) While it has been known for yea r s  t h a t  adsorbed gas 
changes t h e  pho toe lec t r i c  work func t ion  of  metals,15 it has not  
i n  genera l  been poss ib l e  t o  simultaneously determine t h e  amount 
of gas  producing a given change. E i s inge r l6  performed some 
s t u d i e s  on a s i n g l e  tungsten ribbon using a non-equilibrium 
method, b u t  a genera l  technique app l i cab le  t o  equi l ibr ium 
s i t u a t i o n s  with many types  of gases and s u r f a c e s  i s  not  a v a i l -  
ab le .  The measurement of work func t ion  changes can be accomp- 
l i s h e d  by s e v e r a l  techniques15 on s m a l l  surfaces, bu t  t h e  
measurement of t h e  amount of adsorbed gas i n  less than a 
monolayer on an  area of 1.0 cm2 poses d i f f i c u l t i e s .  A 
method for  measuring s m a l l  amounts of adsorbed gas and 
a c t i v a t i o n  energ ies  of desorpt ion us ing  a r a d i o  tracer has  
been developed a t  t h e  Universi ty  of Vermont. l7 
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Procedure : 

a )  O p t i c a l  cons t an t s  w i l l  be  deduced from measurements of 
r e f l e c t a n c e  as a func t ion  of angle of inc idence  and/or  degree 
of p o l a r i z a t i o n .  The s u b j e c t  materials w i l l  be p u r i f i e d  and 
examined in a high-vacuum environment. I n  t h e  case of t h i n  
f i l m s ,  t h i cknesses  w i l l  be measured by multiple-beam i n t e r -  
ferometry,  after t h e  o p t i c a l  and p h o t o e l e c t r i c  data have been 
obtained.  

b) P h o t o e l e c t r i c  measurements w i l l  u t i l i z e  a p l ane -pa ra l l e l  
e l e c t r o d e  geometry whenever poss ib l e ,  i n  order t o  permit electron 
energy a n a l y s i s  by a r e t a r d i n g  p o t e n t i a l  technique. Provis ion  
w i l l  be made for magnetic confinement of t h e  e l e c t r o n s  t o  t h e  
i n t e r e l e c t r o d e  space.  
t r i e d  wi th  good r e s u l t s  (D. W. Juenker and M. Brienza 
(unpublished)).  A novel arrangement w i l l  be  used for  f i l m  spec i -  
mens. These w i l l  be depos i ted  i n  tapered  t h i c k n e s s  on t h e  
hypotenuse face of a 45-45-90 qua r t z  prism and i l l umina ted  f r o m  
t h e  rear, with l i g h t  e n t e r i n g  one of t h e  prism's s i d e  faces and 

Such an  arrangement h a s  a l r eady  been 

- 30 - 



. 
L 

e x c i t i n g  through the  other.  The nea r - to t a l  i n t e r n a l  r e f l e c t i o n  
prevents  l i g h t  from f a l l i n g  on the  c o l l e c t i n g  electrode, and 
simple r o t a t i o n  of t h e  plane of p o l a r i z a t i o n  serves  the  double 
purpose of varying the  o r i e n t a t i o n  of t h e  photoexci t ing f i e l d  i n  
t he  f i l m  and providing an independent va r i ab le  aga ins t  which 
r e f l e c t a n c e  can be measured for an in s i t u  determinat ion of the 
f i l m ' s  o p t i c a l  cons tan ts .  
procedure are ou t l ined  i n  reference 8 of t h e  preceding sec t ion .  

More conventional a spec t s  of the 

c) An apparatus  for  measuring t h e  change i n  DC e lectr ical  
r e s i s t a n c e  of Mo films by i n t e r a c t i o n  w i t h  CO has been b u i l t .  
The apparatus  i s  t o  be extended t o  permit (1) the  simultaneous 
measurement of t h e  amount of adsorbed gas ( 2 )  t h e  determinat ion 
of t h e  weight and th ickness  of t h e  f i l m ,  ( 3 )  the  observat ion 
of the changes i n  complex impedance e i t h e r  by a bridge method 
o r  a pulse- re laxa t ion  technique, or  both,  and (4) t h e  simultaneous 
observat ion of the change i n  an a d d i t i o n a l  parameter such  as 
work funct ion.  

d )  An apparatus  has  been b u i l t  fo r  s tudying work func t ion  
changes of a p o l y c r y s t a l l i n e  Mo su r face  produced by gas adsorp- 
t i o n  usin? t h e  Fowler  method. Fowler p l o t s  on the  c l ean  su r face  
and t h e i r  changes due t o  background contamination of r e s i d u a l  
gas (p re s s  about 10-9 torr) have been obtained.  
t h e  effects of CO a t  l o w  pressures  t o r r )  are about t o  be 
i n i t i a t e d .  

S tud ie s  of 

e)  A new apparatus  f o r  the measurement of the  amount of 
adsorbed gas us ing  a r a d i o t r a c e r  (CO conta in ing  C 1 4  1 i nco rpora t ing  
r ecen t  u l t r a  high vacuum techniques (e.g. e l imina t ion  of stopcocks) 
i s  being designed for  cons t ruc t ion  wi th in  the next  6 months. 

Probable Duration 

The r e sea rch  is p a r t  of a n  ongoing and ex tens ive  e i f o r t  t h a t  
i s  a n t i c i p a t e d  t o  las t  for  many years .  It is expected t h a t  s o m e  
material s u i t a b l e  for  publ ica t ion  on t h e  s p e c i f i c  p r o j e c t s  l i s t e d  
above w i l l  be produced by t h e  end of the ca lendar  year  (1965). 
The appearance of a c t u a l  papers i n  t h e  jou rna l s  can  t h u s  be 
expected by l a t e  1 9 6 6  or e a r l y  1 9 6 7 .  

Amount of Grant Requested: $25,380 
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Personnel: 

D. W. Juenker, 10% of time during spring term, f u l l  t i m e  
t w o  months of summer, 25% of t i m e  during fall term. 

A. D. C r o w e l l ,  f u l l  t i m e  fo r  1 114 month summer, 

Two graduate a s s i s t a n t s  f u l l  t i m e .  
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PROJECT I11 

T i t l e :  A Numerical Method fclr Determining Residual Stresses Resulting 
f r o m  the  Sudden Heating of t he  Inner  Surface of a Short 
H o l l o w  Cylinder 

I n v e s t i g a t o r :  Howard Duchacek, Associate Professor  of Mechanical 
Engineering 

Object ives:  

1. I t  is  proposed t h a t  t h e  n m e r i c a l  method f o r  determining thermal 
stresses involving p l a s t i c  flow i n  a cons t ra ined  f l a t  p l a t e  be 
extended so t h a t  a computer program w i l l  be w r i t t e n  t o  determine 
r e s i d u a l  stress which r e s u l t  f r o m  suddenly hea t ing  the  i n n e r  
su r face  of a short  hollow cyl inder .  

2 .  It is proposed t h a t  a method be determined t o  spec i fy  the  temper- 
a t u r e  d i s t r i b u t i o n  i n  a c y l i n d r i c a l  r i n g ,  t h e  temperature of t h e  
i n s i d e  su r face  of which i s  a non-linear func t ion  of time. 

3 .  It is proposed t h a t  an experimental  program be conducted t o  
determine t h e  temperature,  and s t r a i n  during the  hea t ing  cyc le  
and t h e  r e s i d u a l  s t r a i n  upon r e t u r n  t o  ambient temperature.  

J u s t i f i c a t i o n :  

The de termina t ion  of r e s i d u a l  stresses i n  a s h o r t  cy l inde r  which 
r e s u l t  f r o m  a sudden hea t ing  of t h e  i n n e r  su r face  of t h a t  cy l inde r  i s  
very complex because of  t he  v a r i a t i o n s  of t h e  parameters which occur 
during t h e  hea t ing  per iod.  The modulus of e l a s t i c i t y ,  t he  u l t i m a t e  
s t r e n g t h ,  and t h e  c o e f f i c i e n t  of l i n e a r  expansion, t h e  s p e c i f i c  heat, 
t h e  thermal conduct iv i ty ,  may vary q u i t e  s i g n i f i c a n t l y  during t h e  
hea t ing  and cool ing per iod which takes place.  A numerical method 
which t a k e s  account of n o t  only the v a r i a t i o n s  i n  t h e s e  parameters,  
but  a l s o  t h e  v a r i a t i o n  of t h e  stress a n a l y s i s  from an elastic t o  a 
p l a s t i c  mode is  m o s t  r e a d i l y  accomplished w i t h  a d i g i t a l  computer. 
The r e s u l t s  of t h e  work w e  have accomplished he re  i s  c l o s e l y  related 
t o  NASA's mission. 
which r e s u l t  f r o m  a sudden heat condi t ion  on blast-off and t h e  
r e s i d u a l  stresses which r e s u l t  from t h e  hea t ing  and cool ing are a 
s i g n i f i c a n t  concern of t h e  space program. 

The problem of thermal stresses i n  rocke t  nozzles, 

Previous Work and Present  Outlook : 

The work w e  hope t o  accomplish h e r e  w i l l  r e l y  on previous work 
accomplished he re ,  and also upon t h e  published r e s u l t s  of o t h e r s  i n  
t h i s  f i e ld .  A l i s t  of references i s  here  included t o  i n d i c a t e  the 
previous work which has been done; 
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The c a l c u l a t i o n  of Temperature S t r e s s e s  i n  Tubes - L. H. Barker. 
Engineering Wol. 1 2 4 ,  p. 443,  1927 

Thermal S t r e s s e s  i n  Bodies Exhibi t ing Temperature - Dependent 
Elast ic  P rope r t i e s  - H. H. Hi l ton ,  Urbana, I l l i n o i s ,  Journa l  of 
Applied Mechanics, Vol. 1 9 ,  pp. 350-354, September, 1952 

A Contr ibut ion t o  t h e  Theory of I n t e r n a l  S t r e s s e s  i n  a Long 
H o l l o w  Cylinder by T. Matsumura- Kyoto Imper ia l  Universi ty ,  
College of Engineering Memoirs, V o l .  3 ,  # 3 ,  June, 1 9 2 3 ,  pp.61-80. 

Theory of P l a t e s  and She l l s ,  Timoshenko, K c G r a w - H i l l  Book Co.1959 

Thermal S t r e s s  by V. E. Gatewood, M c G r a w - H i l l  Book Co., 1 9 2 7 .  

An In t roduc t ion  t o  t h e  Theory of E l a s t i c i t y  by R. V.  Southwefl, 
1941.  

Trans ien t  Heat Conduction i n  Hollow Cylinder af ter  Sudden Change 
of Inne r  Surface Temperature by R. L. Perry and W. P. Berggren, 
Universi ty  of Ca l i fo rn ia  P r e s s ,  Berkeley, C a l i f .  1944.  

Theory of Thermal S t r e s s e s  by Bruno A .  Boley and Jerome H. Weiner 
John Wiley, N e w  York, 1960.  

Stress Analysis of Rocket Nozzle Sec t ions  Subjected t o  Pressure 
and Radial  Temperature Gradients by Anthony S. Dadario, Report 
AD240685, (ASTIA) Technical Memorandu, RAD-7 TM-60-46 Contract 
AF)4(647)-258, AVCO Corp. 

Reduction of Sever i ty  of Thermal  Shock S t r e s s  of a Thermal Clamp 
P l a t e  by Previous Sudden Heating of t h e  Same Surface,  Progress 
Report ,  May 30,  1964 to N a v a l  Research Laboratory,  Howard - 
Duchacek. 

A Computer Program t o  Determize Thermal Stresses Involving 
P l a s t i c  Flow Progress Report, August 30,  1 9 6 2  t o  Naval Research 
Laboratory,  Howard Duchacek. 

Numerical Method f o r  Determining Thermal Stresses Involving 
P l a s t i c  Flow NRL Report 5755 ,  I. Vigness and E. W. Clements, 
Naval Research Laboratory. 

The a d d i t i o n a l  information which t h i s  p r o j e c t  i s  expected t o  
con t r ibu te  is  ind ica t ed  under ob jec t ives  and j u s t i f i c a t i o n .  

Procedure : 

The procedure t o  be followed i n  accomplishing t h e  ob jec t ives  are 
as fol lows:  
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A computer program w i l l  be w r i t t e n  immediately following a 
stress a n a l y s i s  of a s h o r t  c y l i n d r i c a l  element. 
will also be w r i t t e n  t o  determine t h e  temperature d i s t r i b u t i o n  within 
a c y l i n d r i c a l  r i n g  as determined a l s o  by the computer program. 
experimental  program w i l l  be i n i t i a t e d  t o  determine t h e  s t r a i n s  which 
occurred during t h e  hea t ing  cycle  and also during t h e  cool ing cycle .  
T e s t s  w i l l  then  be made upon the  r i n g  t o  determine the formation 
which occurs  following r e t u r n  t o  ambient temperature.  The work i s  t o  
be performed i n  t h e  Votey Engineering Building, Universi ty  of Vermont 
where a 50 k i l l o w a t t  plasma je t  i s  a v a i l a b l e .  The IBM 1 6 2 0  Computer 
a t  t h e  Universi ty  of Vermont i s  also a v a i l a b l e  f o r  use i n  t h i s  - 
p o r t i o n  of t h e  program. 

A computer program 

An 

Probable Duration: 

It  i s  estimated t h a t  t h e  t i m e  requi red  t o  complete t h e  research 
and pub l i sh  t h e  r e s u l t s  will be approximately two years .  

Amount of Grant Requested: $12,000 

Personnel:  P r i n c i p a l  I n v e s t i g a t o r  - l/4 time during academic yea r  
and f u l l  t i m e  f o r  two months i n  summer. - .  
2 Graduate Ass is tan ts  - 1 / 2  t i m e  during academic year  
and f u l l  t i m e  during summer. 
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PROJECT: IV 

T i t l e :  I nd iv idua l  d i f f e rences  i n  t h e  in f luence  of sensory 
i s o l a t i o n  upon i n t e l l e c t u a l ,  emotional,  and 
phys io logica l  functioning. 

I n v e s t i g a t o r :  Donald Go Forgays, Professor  and Chairman, 
Department of Psychology 

Ob'ective & d i f f e r e n c e s  i n  t h e  e f f e c t s  o f  rather complete sensory 
i s o l a t i o n .  
such in f luence  which may r e s u l t  from t h e  homogeneous or  -: 
heterogeneous s t imu la t ion  of the s u b j e c t  during i s o l a t i o n .  
p r o j e c t  w i l l  also survey the r e l a t i v e  a c c e p t a b i l i t y  of a v a r i e t y  
of i n p u t  s i g n a l s  during i s o l a t i o n .  
any changes a t t e n d a n t  t o  i s o l a t i o n  ( i n t e l l e c t u a l ,  emotional,  
o r  phys io logica l )  w i l l  be s tudied .  

This p r o j e c t  attempts t o  eva lua te  the  inf luence  of 

Addit ional ly  it w i l l  examine t h e  modif icat ion of 

The 

F ina l ly ,  t h e  pe r s i s t ence  of 

J u s t i f i c a t i o n :  1. Such research w i l l  c o n t r i b u t e  b a s i c  informa- 
t i o n  concerning motivation, both theory and func t ion ,  and may 
c o n t r i b u t e  also t o  b r a i n  funct ion theory,  
2. Such research w i l l  con t r ibu te  s p e c i f i c a l l y  t o  knowledge 
concerning i s o l a t i o n  effects and the i r  con t ro l ;  such knowledge 
is v i t a l  t o  NASA opera t ion  which  inc ludes  the  r e l a t i v e  i s o l a t i o n  
of huians i n  the  space program. 

Previous Work: The p i l o t  s t u d i e s  of  L i l l y  (1956) and of Hebb's 
s tuden t s  and col leagues (Bexton, Heron, and Scot t ,  19541, con- 
cerned w i t h  t h e  effects of sensory depr iva t ion  upon cogni t ive  and 
perceptua l  func t ion ing ,  l e d  t o  a good deal of concern w i t h  t h e  
problem and s e v e r a l  a t tempts  t o  i n v e s t i g a t e  it f u r t h e r  (Doane, 
Mahotoo, Heron , and S c o t t ,  19 59 ; and Wexler , Mendelson, Leiderman, 
and Solomon, 1958). There are t w o  e x c e l l e n t  summaries of p e r t i -  
nent  observat ions and theory present ly  a v a i l a b l e  (Wheaton, 1959;  
Solomon, - e t  -.' a1 1 9 6 1 ) .  

These s t u d i e s  r e p o r t ,  i n  general ,  d e l e t e r i o u s  effects of sensory 
depr iva t ion  upon a v a r i e t y  of i n t e l l e c t u a l  t a s k s  ( i n t e l l i g e n c e  
test  sub- t e s t s ,  rotary p u r s u i t ,  etc. 1 and emotional responding 
( a t t i t u d e  change, a f f e c t i v e  modif icat ions) .  However, a review 
of t h i s  l i t e ra ture  i n d i c a t e s  q u i t e  c l e a r l y  t h a t  r e l a t i v e l y  
l i t t l e  sys temat ic  experimental  i n v e s t i g a t i o n  has  taken p lace  i n  
t h i s  problem area; many of the observat ions are based upon 
extremely l i m i t e d  samples, while others w e r e  n o t  made under 
r igorous ly  c o n t r o l l e d  condi t ions.  Secondly, there appears  t o  
have been no a t tempt  t o  s tudy sys temat ica l ly  t h e  r e l a t i o n s h i p  
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between ind iv idua l  d i f f e rence  f a c t o r s  and s u s c e p t i b i l i t y  t o  the 
in f luence  of sensory i s o l a t i o n .  
s i n c e  m o s t  of the workers i n  the  area comment on t h e  g r e a t  
import  of ind iv idua l  f a c t o r s ,  e s p e c i a l l y  pe r sona l i ty  va r i ab le s .  
Ruff, Levy and "haler ( 1 9 6 1 )  r e p o r t  i nd iv idua l  v a r i a t i o n  i n  such 
effects,  l a r g e l y  a t t r i b u t a b l e  t o  i n d i v i d u a l  d i f f e r e n c e s  i n  motor 
behavior,  s l e e p  and e a t i n g  p a t t e r n s ,  and t h e  l i k e .  They d i d  no t  
select s u b j e c t s  on. t h e  b a s i s  of these v a r i a b l e s  bu t  rather i n t e r -  
p re ted  t h e i r  da t a  post hoc i n  an  a t tempt  t o  exp la in  t h e i r  f ind ings .  
Goldberger and H o l t 9 -  1961) and Holt  and Goldberger (1959)  
also p resen t  data r e l a t i n g  t o  ind iv idua l  d i f f e rence  effects. 
F i n a l l y ,  l i t e r a t u r e  i n  t h i s  a rea  seems t o t a l l y  l ack ing  with 
r e s p e c t  t o  an a n a l y s i s  of t h e  pers i s tence  of any d e l e t e r i o u s  
effects of i s o l a t i o n .  The few experimental  p r o j e c t s  which 
e x i s t  u sua l ly  provide data t a k e n  f r o m  subjects during or  s h o r t l y  
after i s o l a t i o n .  Changes which may have occurred on these  
measuring occasions w e r e  n o t  sys t ema t i ca l ly  s t u d i e d  over t i m e  
t o  observe r e t u r n  t o  normal, if such takes place.  

I n  s e v e r a l  p i l o t  observat ions r ecen t ly ,  t h e  w r i t e r  has observed 
t h a t  there  are w i d e  v a r i a t i o n s  i n  effects of i s o l a t i o n  upon a 
nurber of s u b j e c t s ,  l a r g e l y  col leagues,  tested.  I n t e r e s t i n g l y  
enough, the d i f f e rences  appear t o  be related t o  the pro fes s iona l  
ca t egor i e s  (academic s p e c i a l i t y )  of these s u b j e c t s ,  which i n  t u r n ,  
appear t o  be pe r sona l i ty  related. I t  is these  p i l o t  observat ions 
which w i l l  be expanded sys t ema t i ca l ly  i n  the p resen t  series of 
s t u d i e s  

Tnis is e s p e c i a l l y  cur ious  

Procedure : 

Subjec ts  w i l l  be selected f r o m  among a v a i l a b l e  f a c u l t y ,  
graduate  and undergraduate s tudents  a t  the Universi ty  of 
Vermont, They w i l l  be chosen on the  b a s i s  of a s e r i e s  of 
psychological t e s t s ,  inc luding  the WAIS , MMPI , EPPs , Rorschach, 
TAT, e t c ,  Subjec t  ca t egor i e s  w i l l  inc lude  average (normal) 
p r o f i l e ,  s i n g l e  extreme score p r o f i l e s ,  mu l t ip l e  extreme s c o r e  
p r o f i l e s ,  and so on. 

Each s u b j e c t  w i l l  be i s o l a t e d  fo r  up t o  24 hours maximum ( t h i s  
appears t o  be an e f f e c t i v e  i s o l a t i o n  per iod according t o  a v a i l a b l e  
s t u d i e s )  by total immersion in a heated water tank w i t h  appropri-  
ate b rea th ing  equipment bu t  no con tac t  w i t h  t h e  tank except  by 
a suspension s t r a p .  Two-way intercom. is  provided f o r  experi-  
menter monitoring. Subjec ts  w i l l  no t  be t o l d  t h e  du ra t ion  of  
the  s t a y  b u t ,  ra ther ,  asked t o  b e  prepared t o  s t a y  f o r  a f u l l  
24  hours.  

Each s u b j e c t  group w i l l  be broken down i n t o  three sub-groups: 

a. The f i rs t  w i l l  be asked t o  remain without  moving 
i n  t h e  tank f o r  t h e  per iod of confinement. 
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b. The second group w i l l  be provided homogeneous 
Pure aud i to ry  s i g n a l s  f e d  s t i m u l a t i o n  throughout t h e  s t a y :  

i n  r e g u l a r l y .  
i n g  "boring" r e p o r t s  from t i m e  t o  t i m e  ( s tock  market pages 
r e a d  t o  them, etc.). 

They will be given t h e  oppor tuni ty  of rece iv-  

C. The t h i r d  group w i l l  be provided heterogeneous 
s t i m u l a t i o n  throughout t h e  s t a y  : 
(music, etc.) piped i n  dur ing  the  s t a y .  
t h e  oppor tun i ty  to receive l l in te res t ing l '  r e p o r t s  f r o m  t i m e  
t o  t i m e  (problems t o  be solved, etc.) .  

mixed aud i to ry  s i g n a l s  
They w i l l  be given 

A l l  s u b j e c t s  w i l l  be subjec ted  t o  t e s t i n g  s h o r t l y  after 
removal f r o m  the i s o l a t e d  environment (any s u b j e c t  may l eave  
a t  any ear l ier  t i m e  upon h i s  r eques t ) .  T e s t s  w i l l  i nc lude  a 
v a r i e t y  of i n t e l l e c t u a l  t a s k s  perceptual-motor t es t s ,  pfr-  
s o n a l i t y  assessment,  etc. Throughout t h e  s t a y  i n  i s o l a t i o n  
s u b j e c t s  w i l l  be encouraged t o  r e p o r t  on any phenomena which 
may be occurr ing  (such as f r equen t ly  r epor t ed  h a l l u c i n a t o r y  
a c t i v i t y ) ;  t h e s e  w i l l  be recorded. 

Spot  t e s t i n g  i n  a l l  t e s t  c a t e g o r i e s  w i l l  cont inue every 
24  houds u n t i l  a l l  d i f f e r e n c e s  which are observed d i s s i p a t e .  

Probable Duration: 

The e n t i r e  p r o j e c t  is  estimated t o  r e q u i r e  t h r e e  yea r s .  
I t  i s  a n t i c i p a t e d ,  however, that  the o r i e i n a l  50 s u b j e c t s  
w i l l  be t e s t e d  wi th in  t h e  f i r s t  y e a r  and t h a t  a t  least  one 
p u b l i c a t i o n  w i l l  be based upon t h i s  information. The 
second and t h i r d  yea r s  w i l l  r e t a i n  t h e  same experimental  des ign ,  
un le s s  otherwise i n d i c a t e d  by i n i t i a l  d a t a ,  w i l l  involve  t h e  
t e s t i n g  of a t  l eas t  50 a d d i t i o n a l  s u b j e c t s  p e r  y e a r ,  and should 
lead t o  s e v e r a l  research publ ica t ions .  

Amount of Grant Requested: $15,000 

Personnel  : 

P r i n c i p a l  I n v e s t i g a t o r  - f u l l  t i m e  f o r  e i g h t  weeks i n  
summer and 25% t i m e  dur ing academic year .  

Two associate i n v e s t i g a t o r s  - f u l l  t i m e  f o r  t w o  weeks 
i n  summer. 

Two graduate  a s s i s t a n t s  f o r  ten weeks i n  summer. 

One graduate  a s s i s t a n t  during academic year .  - 38  - 
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PROJECT V 

T i t l e :  Smooth Muscle A c t i v i t y  as Recorded by Radio T e l e m e t r y  

I n v e s t i g a t o r :  Kenneth R. Simmons, Ass i s t an t  Professor ,  Animal and 

Object ives:  

Dairy Science Department 

The ob jec t ives  of t h i s  proposed p r o j e c t  are as follows: 

1. To develop r a d i o  t e l e m t r y  techniques f o r  monitoring and measuring 
smooth muscle a c t i v i t y .  

2 .  To t e s t  improved t r ansmi t t i ng  devices  fcr smooth muscle electro- 
myography. These devices  w i l l  be designed and cons t ruc ted  by t h e  
Electrical Engineering Department of t h e  Universi ty  of Vermont. 

3. To use t h e s e  devices  and techniques t o  measure smooth musc le  
a c t i v i t y  pr imar i ly  i n  domestic animals. These same techniques should 
also be app l i cab le  t o  s t u d i e s  of human smooth muscle a c t i v i t y .  

J u s t  i f  icat  ion  : 

By t h e  use  of r a d i o  te lemet ry ,  phys io logica l  changes i n  animals 
can be measured under a prescr ibed  environment. Such equipment 
a l l e v i a t e s  t h e  following: r e s t r a i n i n g  t h e  animals,  molesting them by 
t h e  attachment of e x t e r n a l  measuring devices ,  and t h e  p o s s i b l e  d i s -  
concer t ing  presence of an inves t iga to r .  Transmi t te rs  can be implanted 
wi th in  t h e  body t o  measure t h e  e l e c t r i c  p o t e n t i a l  of musc le s .  These 
t r a n s m i t t e r s  can be made t o  opera te  f o r  comparatively long per iods  of 
t i m e  without abnormally e f f e c t i n g  o r  e x c i t i n g  t h e  animals.  Data ob- 
t a i n e d  with t h e  use of t h e s e  devices w i l l  be of both p r a c t i c a l  and 
b a s i c  s c i e n t i f i c  value i n  r e l a t i o n  t o  s t u d i e s  of smooth muscle 
a c t i v i t y .  

Previous Work : 

but unfor  u- . 
14,2l 

$1 
The technique of r a d i o  te lemetry is  not  new 

n a t e l y  it has no t  progressed as r a p i d l y  as o r i g i n a l l y  hoped f o r  
I n  many cases prel iminary pub l i ca t ions  descr ib ing  t h e  t r a n s m i t t e r s  
have no t  been followed by subsequent papers concerned with t h e  physi-  
ology involved o r  with f u r t h e r  improvements i n  t h e  devices.  The 
cooperat ive efforts of both the phys io log i s t  and t h e  e lectr ical  
engineer  appear  t o  be necessary for  success.  However, it seems 
c e r t a i n  t h a t  improvements i n  t h e  techniques of min ia tu r i za t ion  and 
high-frequency s o l i d  state e l e c t r o n i c s  w i l l  improve and expand t h e  
use of te lemet ry  devices  f o r  recording phys io logica l  func t ions .  
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t o  record p r e  su re  changes wi th in  t h e  
1 

12 g u t  of humans 
wi th in  t h e  bladder  of humans 
recorded wi th in  t h e  u t e r u s  of pregnant women20. Many i n v e s t i g a t o r s  
have s a i d  t h a t  t h e i r  t e lemet ry  devices could be used t o  measure 
temperature i n  t h e  body, bu t  t h e r e  havelQeen p r a c t i c a l l y  no r e p o r t s  
of t h i s  app l i ca t ion  i n  human physiology . However, teleme r y  has  

and sheep' ; snd voiding pressures  . Pressure  changes have a l s o  been 

been use t o  mco d temperatures of incubat ing penquin eggs 3 , . 
dolphinsP5, sheep 5 , and cows6. 

Many of t h e  phys io logica l  i n v e s t i g a t i o n s  using telfjmgtr have 
9 91x914918321- been app l i ed  to t r a n s m i t t i n g  and recording EKG and EEG 

S imi l a r  t r a n s m i t t e r s  have been used i n  t h e  recording of t h e  electric 
p o t e n t i a l  of s t r i a t e d  muscle13,17. 

Prel iminary s t u d i e s  were conducted a t  t h e  Universi ty  of Vermont 
during t h e  p a s t  year19 with t h e  a s s i s t a n c e  of D r .  A. E. Dracy (on 
leave  from South Dakota S t a t e  College) and Dean W. 0. E s s l e r  of t h e  
College of Technology, University of Vermont. Rabbits,  sheep, and 
C ~ W S  w e r e  used i n  t h e s e  s t u d i e s .  E lec t rodes  from an EKG t r a n s m i t t e r  
w e r e  implanted i n  t h e  u t e r u s  of t h e s e  animals and records  w e r e  made 
before and after adminis ter ing oxytocin o r  a t rop ine .  These p r e l i m i n a q  
s t u d i e s  i n d i c a t e  t h a t  it i s  poss ib l e  t o  record te lemet ry  s i g n a l s  of 
u t e r i n e  muscle a c t i v i t y  using devices designed and b u i l t  by D r .  E s s l e r .  

Procedure of Work t o  B e  Done: 

Since t h e  au tho r ' s  experience and i n t e r e s t  p e r t a i n s  t o  reproduc- 
t i o n ,  it seems l o g i c a l  t o  experiment pr imar i ly  w i t h  t h e  smooth musc le  
of t h e  u te rus .  A method f o r  studying u t e r i n e  a c t i v i t y  i n  vivo, and 
under d i f f e r e n t  hormonal states, would be of g r e a t  value and s i g n i f i -  
cance i n  r e l a t i o n  t o  s t u d i e s  of reproduct ion;  e .g . ,  sperm and ovum 
t r a n s p o r t ,  e a r l y  embryonic m o r t a l i t y ,  g e s t a t i o n ,  and p a r t u r i t i o n .  
I d e n t i c a l  devices  and techniques could then  be appl ied  t o  s t u d i e s  of 
o t h e r  smooth muscle systems such as those  of t h e  g a s t r o i n t e s t i n a l  
tract. 

- -. 

Rabbits w i l l  be used as t h e  primary l abora to ry  animal because of 
t h e i r  s i z e .  Techniques developed with r a b b i t s  would then be appl ied  
t o  sheep and cows because of t h e  economic importance of t h e s e  t w o  
spec ies .  

The areas of i n v e s t i g a t i o n  w i l l  be as fol lows:  

1. To adapt t h e  so-ca l led  EKG t r a n s m i t t e r  t o  smooth muscle e l e c t r o -  
myography. 

2 .  To determine t h e  proper type of e l e c t r o d e s ,  and t h e  bes t  method fox 
f o r  implanting them i n  t h e  u t e r i n e  myometruim. 
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4 

3 .  

4. 

5 .  

6 .  

7. 

To determine how long e l ec t rodes  can be l e f t  i n  t h e  muscle and 
s t i l l  g ive  an accu ra t e  i n t e r p r e t a t i o n  of i t s  electric p o t e n t i a l .  

To determine i f  d i f f e r e n c e s  e x i s t  i n  electric p o t e n t i a l  a t  var ious 
l o c a t i o n s  on t h e  u te rus .  

To determine t h e  most s u i t a b l e  l o c a t i o n  for  implantat ion of t h e  
t r a n s m i t t e r .  

To compare r e s u l t s  obtained i n  these i n v e s t i g a t i o n s  w i t h  t h e  more 
convent ional  approaches t o  musc le  a c t i v i t y  s t u d i e s .  Fo r  example, 
a comparison could be made between the electric p o t e n t i a l  of muscle 
a c t i v i t y  and a c t u a l  con t r ac t ions  as recorded by s t r a i n  gauges o r  
myographic t ransducers ,  and pressure  t ransducers  wi th in  t h e  u te rus .  

A f t e r  t he  above techniques have been per fec ted  recordings w i l l  be 
made of u t e r i n e  a c t i v i t y ,  as measured by i t s  electr ic  p o t e n t i a l ,  
under d i f f e r e n t  phys io logica l  (hormonal) states. Recordings w i l l  
be made throughout the es t rous  cyc le ,  during breeding, g e s t a t i o n ,  a 
and p a r t u r i t i o n .  

The work w i l l  be carried out i n  t h e  Animal E Dairy Science 
Department. Faci l i t ies  are ava i l ab le  f o r  housing and care of animals.  
The basic recording device i s  pa r t  of t h e  equipment a l ready  avai lable .  

Probable Duration: 

P a r t s  one through six of the  procedure should be completed by 
February 1, 1 9 6 6 .  Some por t ions  ( record ings  of  electrical  p o t e n t i a l  
of u t e r i n e  muscles under d i f f e r e n t  hormonal states) of p a r t  7 should 
be completed, but recordings during the e s t r o u s  cyc le ,  g e s t a t i o n  and 
p a r t u r i t i o n  w i l l  undoubtedly take  longer  and would t h e r e f o r e  r e q u i r e  
a d d i t i o n a l  suppor t ;  t h i s  would be e s p e c i a l l y  t r u e  i f  t h e  observa t ions  
are made i n  sheep and cat t le .  

Amount of Grant Requested: $3,354 

Personnel:  

P r i n c i p a l  I n v e s t i g a t o r  - 75% of t i m e .  
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PROJECT VI 

Title: Distribution and Physiological Effects in Brain of Currents 
From External Electrodes. 

Investigators: Stanley Rush, Associate Professor, Electrical 
Engineering Department. t?ilfred F. Chambers, 
Associate Professor, Anatomy Department. 

Objectives: 

Specific objectives of Proyram. 

Primary : 

(a). 

(b). 

(C) . 
Secondary : 

(a) 

To obtain detailed maps of current distributions inside 
brain due to external electrodes. 

To duplicate locally in different areas of the brains of 
experimental animals the same current densities which 
from external electrodes produced electro-narcosis. In 
this way it should be possible to determine the area or 
areas of the brain which are responsible. 

To develop and verify a theoretical explanation based on 
the data of part (b) of the mechanism of electro-narcosis. 

To determine the resistivities of the tissues important 
to determining the above current distribution, 
particularly the skull. 

To ascertain optimum locations of external electrodes 
and frequencies of current for electro-narcosis, electro- 
shock and rheology. 

Justification: 

The potential applications of electro-narcosis are many. 
possibility for simplified safe anesthesia is very strong. 
Improvements over the present promising but still inadequate 
techniques should follow from better fundamental understanding of 
the physical and biophysical processes involved. "Fall-out" 
benefits of this work may yield information leading to a better 
understanding of and improvement in electro-shock and 
rheoencephalography. 
will contribute to medicine generally and may have particular 
application to future space requirements as yet unforeseen. The 
data to be obtained for impedance plethysmoraphy in the brain may 
have immediate application in the monitoring of physiological 
variables under the stresses of space exploration. 

The 

The knowledge to be gained from this program 
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Previous Work and Present  Outlook: 

Considerable work has been done with cu r ren t  s t imu la t ion  of 
t h e  b r a i n  f r o m  e l e c t r o d e s  outs ide  t h e  s k u l l .  These have a p p l i c a t i o n  
t o  such areas of medical i n t e r e s t  as electrical anes thes i a ,  rheology 
and electrical shock t reatment .  
placement, c u r r e n t  waveform and electrode types  have been employed 
and r e s u l t s  compared ( 1 , Z ) .  L i t t l e  o r  none of t h i s  work appears 
t o  have taken  advantage of the phys ica l  p r i n c i p l e s  of electromag- 
n e t i s h  which are d i r e c t l y  appl icable  t o  t h e  s tudy of c u r r e n t  f l o w  
i n  vo lume  conductors.  

Many combinations of electrode 

Procedure : 

I n  t he  proposed s tudy ,  a phys ica l ly  founded program would be 
undertaken t o  determine t h e  i n t e r r e l a t i o n  between t h e  e x t e r n a l l y  
generated c u r r e n t s  and t h e  s i t e s  wi th in  t h e  b r a i n  which produce 
anes thes ia .  
of t h e  s k u l l  and b r a i n  would be determined and the  c u r r e n t  
d i s t r i b u t i o n  wi th in  t h e  b r a i n  due t o  any combination of e x t e r n a l  
electrodes would be spec i f i ed .  

I n c i d e n t a l  t o  this  program, t h e  electrical p r o p e r t i e s  

The first phase of t h i s  program would be a t h e o r e t i c a l  and 
experimental  s tudy of the electrical p r o p e r t i e s  of t h e  s c a l p  
muscles,  s k u l l  and b r a i n  and t h e i r  combined effect on c u r r e n t  
f l o w  from a given electorde p a i r  on t h e  body and/or s k u l l  sur face .  
Considerable work has  been done on measurements of t h e  body t i s s u e s ,  
although not  too reliable data e x i s t s  fo r  s k u l l  and b r a i n  (3,4). 
I n  p a r t i c u l a r ,  ex tens ive  measurements of t h e  s k u l l  r e s i s t i v i t y  
are presumed t o  be i n t i m a t e l y  related t o  t h e  po ros i ty  and 
th ickness ,  which are v a r i a b l e  over i t s  sur face .  There are 
macroscopic openings such as t h e  o r b i t ,  c a r o t i d  cana l  and 
hypoglossal cana l  as w e l l .  
r e s i s t i v i t y  and mapping t h e  cu r ren t  f i e l d  are w e l l  known i n  physics.  
The s p e c i a l i z e d  f e a t u r e s  of applying t h e s e  techniques t o  bio- 
l o g i c a l  materials have been developed i n  t h e  ex tens ive  work on 
e l ec t roca rd iog raph ic  and s i m i l a r  s t u d i e s .  
parameters of r e s i s t i v i t y  have been 
theoretical and phys ica l  s imulat ion techniques can be employed t o  
determine t h e  r e l a t i o n s  between e x t e r n a l l y  app l i ed  c u r r e n t s  and 
t h e  c u r r e n t  f i e l d s  wi th in  t h e  bra in .  

The techniques of explor ing  t h e  

Once t h e  phys ica l  
e s t a b l i s h e d ,  both 

The second phase of t h i s  program would at tempt  t o  re-produce, 
w i t h  i n t e r n a l l y  embedded e l ec t rodes  i n  local areas of t h e  b r a i n ,  
the c u r r e n t  d i s t r i b u t i o n  of e x t e r n a l l y  placed electrodes which 
produce electrical anesthesia. 
these local c u r r e n t  d i s t r i b u t i o n s  i n  d i f f e r e n t  reg ions ,  t h e  areas 
of t h e  b r a i n  respons ib le  f o r  e l e c t r i c a l  anes thes i a  can be found. 
Once t h i s  reg ion  has  been determined, op t imiza t ion  of c u r r e n t  

By success ive ly  reproducing 
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0 . 
St reng th  and waveform can be conveniently inves t iga t ed ,  free from 
t h e  art ifacts of e x t e r n a l  e l ec t rode  connections.  Based on t h e  
previous phase i n v e s t i g a t i o n s ,  opt imizat ion of e x t e r n a l  electrode. 
placement can be determined. 

The t h i r d  phase would be the  development of a b iophys ica l  model 
of t h e  mechanism of electro-narcosis. 
of s u i t a b l e  hypotheses and t h e  conducting of experiments t o  t es t  
t h e m .  

This involves  t he  genera t ion  

Probable Dirat ion:  

The first phase of t h i s  program should be completed i n  about 
one y e a r ' s  t i m e  a t  t h e  p r i j e c t e d  l e v e l  of effort .  

The second and t h i r d  phases should cover about a year  each 
also, fo r  a t o t a l  of t h r e e  years. 

Amount of Grant Requested: $16,870 

Personnel : 

P r i n c i p a l  I n v e s t i g a t o r  - Ful l  t i m e ,  summer 
25% t i m e ,  academic yea r  

Graduate Student - F u l l  time, academkc y e a r  
t I  11 50% t i m e ,  academic year 

- 44 - 



.. 
PROJECT: V I I A  

TITLE : Bioenergy E l e c t r i c a l  Sources 

P r i n c i p a l  Inves t iga to r :  Wilfred Roth, Chairman and Professor  
Department of Electrical Engineering 

Object ives  : 

A. T o  s tudy  energy forms i n  the body having l e v e l s  of 
s e v e r a l  hundred m i l l i w a t t s .  

B. T o  cons ider  poss ib l e  means for convert ing such energy 
i n t o  u s e f u l  electrical  form. 

C. T o  develop s p e c i f i c  means for accomplishing such energy 
conversion. 

D. To develop implantable bioenergy sources  t o  provide 
power for  no lecu la r  e l e c t r o n i c  devices  and a r t i f i c i a l  organs. 

Jus  ti f i cat i on : 

1. t o  achieve the  above ob jec t ives ,  a more detailed p i c t u r e  
of t h e  energy balance e x i s t i n g  i n  var ious organs i n  the  body 
must  be obtained. This information w i l l  be u s e f u l  for many 
o the r  purposes as w e l l .  I n  a d d i t i o n ,  e f f i c i e n t  energy 
conver te rs  ope ra t ing  a t  very low power l e v e l s  w i l l  have t o  
be achieved. Such techniques may lead t o  i n t e r e s t i n g  new 
sensors  u s e f u l  for o t h e r  app l i ca t ions  . New ma te r i a l s  t o  
permit permanent implanta t ion  i n  b i o l o g i c a l  t i s s u e s  w i l l  have 
t o  be exp lo i t ed  and these  too w i l l  be use fu l  elsewhere. 

2.  Successful  achievement of t h e  ob jec t ives  w i l l  permit 
numbers of senso r s  t o  be implanted wi th in  the  human body 
without  r equ i r ing  b a t t e r i e s  . Telemetering techniques can 
then  be used t o  t r a n s m i t  b i o l o g i c a l  data ou t s ide  the body 
for  te lemeter ing  from space s t a t i o n s  t o  earth through more 
conventional communication l inks .  Thus, more d e t a i l e d  
continuous monitoring of important b i o l o p i c a l  d a t a  w i l l  be 
provi  de d 
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Previous Work and Present  Outlook : 

Research t o  develop b i o l o g i c a l  sources  w a s  i n i t i a t e d  i n  
o t h e r  i n s t i t u t i o n s  i n  1960. The work t o  d a t e  has  been con- 
cerned, pr imar i ly ,  with h e a r t  pacemakers r a t h e r  than  t h e  
development of genera l  electrical sources.  Research has  in-  
cluded e lec t rochemica l  cel ls ,  p i e z o e l e c t r i c  t r a n s i s t o r s  
surrounding t h e  aorta, p i e z o e l e c t r i c  accelerometers a t t ached  
t o  t h e  h e a r t  and s p r i n g  wound clock movements dr iven  f r o m  
motion of t h e  diaphram. S i x  primary r e fe rences  are noted: 

W. Chardack, A. Gage and W. Greatbach, nA 
t r a n s i s t o r i z e d  self-contained implantable  
pacemaker for  t h e  long-term co r rec t ion  of 
complete h e a r t  block", Surg. ,  vol.  48, pp. 
643-654; October, 1960. 

P.M. Zoll, H. A. Frank, L o  R. N .  Zarsky, 
A. J. Linenthal  and A. H. Belgard,  "Long- 
t e r m  electric s t imu la t ion  of t h e  h e a r t  f o r  
Stokes-Adam disease"  , Ann. Surg.,  v o l e  154, 
pp. 330-346; September, 1961 .  

Parsonnet , V. , G. H. Myers,  I. R. Zucker , 
H ,  Lotman and M, M. Asa. 1963. A c a r d i a c  
pacemaker using b io log ic  energy sources.  
Trans.  h e r .  Soc, Ar t i f .  I n t .  Organs. 9:174: 

Parsonnet,  V, , I. R. Zucker, H. Lotman, G. 
H, Myers and M. M, Asa, A se l f -pe rpe tua t ing ,  
b io logica l ly-energ ized  c a r d i a c  pacemaker. 
Surg. Forum. I n  press .  

G. H. Myers, V. Parsonnet,  I. R.  Zucker, 
H. A. Lotman, M. M. Asa, "Biological ly-  
energized c a r d i a c  pacemaker" , IEEE Trans. 
Bio-Med. E lec t ron ic s ,  B E - 1 0 ,  # 2 ;  Apr i l  1963. 

V. Parsonnet,  G. Myers, I. R. Zucker, H. 
Lotman, "The P o t e n t i a l i t y  of t h e  U s e  of 
Biologic Energy as a Power Source fo r  
Implantable Pacemakers'' , Am. N-Y Acad. 
Sc., Vol. 111, pp. 915-921; June, 1964. 

Such methods have generated microwatts of power bu t  i n  ways 
t h a t  lead  t o  ques t ions  regarding long t i m e  compa t ib i l i t y  with 
b i o l o g i c a l  t i s s u e s .  
surrounding t h e  a o r t a  operates  b u t  it affects t h e  e las t ic  
behavior of t h e  aorta w a l l s .  
ques t ions  arise regard ing  how w e l l  t h e  aorta w i l l  t o l e r a t e  
such t reatment  . Passive converters  are r equ i r ed  t h a t  should 
be t o l e r a t e d  by t h e  body f o r  many years  and h ighe r  e f f i c i e n c y ,  
h igher  power output  methods are necessary i n  o r d e r  t o  operate 
a r t i f ic ia l  organs of t h e  fu ture .  

For example, a p i e z o e l e c t r i c  s e n s o r  

Over a long  per iod of t i m e  
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* *  
Procedure : 

A. A study of medical t e x t  books and p e r i o d i c a l s  desc r ib ing  
energy balance i n  t h e  body is necessary,  
under way. h 

This work is p resen t ly  

€3, C l a s s i f i c a t i o n  of poss ib le  mechanisms i n  terms of feasi- 
b i l i t y  and poss ib l e  power l e v e l s  w i l l  produce a n  order of 
p r i o r i t y  for f u r t h e r  i nves t iga t ion .  
t h e  h ighes t  energy l e v e l  c a p a b i l i t y  w i l l  be considered first. 
C l a s s i f i c a t i o n  is w e l l  under way and s p e c i f i c  means fo r  energy 
conversion are p r e s e n t l y  under i n v e s t i g a t i o n  f r o m  a t h e o r e t i -  
cal viewpoint. 

Those mechanisms w i t h  

C, Upon completion of present  a c t i v i t i e s  descr ibed i n  A 
and 3 ,  those  energy conversion methods showing the b e s t  
prognosis f o r  success  w i l l  be pursued. 
i n g  models w i l l  be constructed and measurements and perfor-  
mance c h a r a c t e r i s t i c s  w i l l  be determined. Measurements of 
e f f i c i e n c y  and power l e v e l  w i l l  be emphasized, 
associated w i t h  long t e r m  l i f e  under absolu te  r e l i a b i l i t y  
condi t ions  w i l l  be analyzed and a t tacked ,  This work, for  
the m o s t  p a r t ,  w i l l  be performed extra corporea l ly  u n t i l  
progress  is s u f f i c i e n t  t o  j u s t i f y  min ia tu r i za t ion  f o r  
implanta t ion  i n  animals,  This work w i l l  be performed 
i n i t i a l l y  in Room 320 Votey but w i l l  be moved t o  3070 a t  a 
la te r  da te .  
oscilloscopes common t o  any electrical  engineer ing 
l abora to ry  w i l l  be required.  I n  add i t ion ,  p re sen t  t h ink ing  
inco rpora t e s  hydrau l i c  t ransmission and l o g i c  c i r c u i t s  i n  
some proposed embodiments, thus f l u i d  stream measuring in-  
s t ruments  w i l l  also be required.  F i n a l l y ,  a record ing  
osc i l l og raph  w i l l  be necessary a t  a l a te r  da te .  
s p e c i a l  purpose test  equipment w i l l  have t o  be designed 
and cons t ruc ted  t o  s imula te  c e r t a i n  organs o f  t h e  body fo r  
example, the diaphragm, the r i b  cage,  and t h e  l i k e ,  These 
w i l l  be done as requi red  by progress of the  experimental  
program. 

Large scale engineer- 

Problems 

Usual electrical measuring instruments  and 

Some 

D. Upon s u c e s s f u l  completion of e x t r a  corporea l  engineer- 
i n g  models t h e  program w i l l  be s h i f t e d  i n  emphasis from 
f e a s i b i l i t y  m o d e l s  t o  p r a c t i c a l  embodiments f o r  implanta t ion ,  
These w i l l  involve microminiatur izat ion techniques t o  permit  
minimum packaging, ques t ions  of materials compa t ib i l i t y  w i t h  
body t i s s u e s  and f l u i d s ,  and quest ions of long term use i n  
continuous operat ion.  The animal room i n  Votey w i l l  be use- 
f u l  h e r e  for experimental  implantation. 
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a, 

Probable Duration: 

Elements A, B and C of this program should be completed 
w i t h i n  a twelve month per iod i f  t w o  graduate s t u d e n t s  are 
ava i l ab le .  It  should be emphasized, however, t h a t  a multi-  
pronged attack i n v e s t i g a t i n g  numbers of p o s s i b i l i t i e s  a t  once 
i n  sequence i s  poss ib l e  t o  so lve  t h i s  problem. Therefore,  
as new energy conversion approaches are contemplated,  re- 
v i s i o n  i n  t h e  program may be indicated.  The du ra t ion  of 
Element D of t h e  program is more d i f f i c u l t  t o  p red ic t .  
Minia tur iza t ion  techniques t o  provide maximum c a p a b i l i t y  
i n  minimum space can be t i m e  consuming and s i n c e  small 
l abo ra to ry  animals w i l l  be u t i l i z e d  for i n i t i a l  implanta t ion  
experiments,  even less space w i l l  be a v a i l a b l e  than  i n  the 
human body, However, it is  est imated t h a t  s u b s t a n t i a l  pro- 
gress on implantable  embodiments of one or m o r e  enerey 
conver te rs  will be made i n  a second twelve month period. 

Amount of Grant Requested: $17,280 ( inc ludes  Project V I I B )  

Personnel : 

P r i n c i p a l  I n v e s t i g a t o r  - 1 / 4  t i m e ,  academic yea r ,  1 / 2  
t i m e ,  summer. 

Two graduate s t u d e n t s  - 1/2 t i m e ,  academic yea r ,  f u l l  
t i m e ,  summer. 
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PROJECT: V I X B  

T i t l e :  Radiological  Data Processing--Contrast Demarcation and 
Mult icolor  Presenta t ion  

P r i n c i p a l  I n v e s t i g a t o r :  Wilfred Roth, Chairman and Professor  
Department of Electrical Engineering 

I. INTRODUCTION: 

An X-ray p l a t e  contains  a n  enormous wealth of informa- 
t i o n  i n  t h e  t e c h n i c a l  sense of s t o r e d  b i t s  pe r  square 
inch ,  I: y o u p  of s k i l l e d  r a d i o l o g i s t s  will be unanimous 
about many conclusions t o  be deduced f r o m  areas of an 
X-ray p l a t e ,  b u t  t h e r e  can be much disagreement about 
i n t e r p r e t a t i o n  of less obvious reg ions  of a p l a t e ,  
There i s  o f t e n  d i f f i c u l t y  i n  t r a n s l a t i n g  or i n t e r p r e t i n g  
s t o r e d  d a t a  on t h e  X-ray p l a t e  i n t o  c l i n i c a l l y  important  
eva lua t ions .  

On t h e  b a s i c  assumption t h a t  t h e r e  is more s t o r e d  
information on an X-ray p l a t e  than can be i n t e r p r e t e d  
by t h e  average s k i l l e d  observer ,  t h i s  proposal  is 
d i r e c t e d  toward t w o  s p e c i f i c  efforts t o  r ende r  X-ray 
p l a t e  d a t a  m o r e  meaningful. The proposal  concerns t h e  
s u b j e c t i v e  interface between t h e  d a t a  s t o r e d  on t h e  
X-ray p l a t e  and t h e  conclusions reached by t h e  human 
reader .  

X I  .) TECHNICAL DETAILS : 

A. CONTRAST DEMARCATION 

The na ture  of t h e  human eye is  such t h a t  absolu te  
The eye l i g h t  i n t e n s i t y  l e v e l s  are d i f f i c u l t  t o  estimate. 

is b a s i c a l l y  a c o n t r a s t  g rad ien t  sensor i n  which changes i n  
l i g h t  l e v e l  per u n i t  of d i s t ance  of t h e  image on t h e  r e t i n a  
create a meaningful sensat ion.  Thus, when an observer views 
a sc reen  on which t w o  d i f f e r e n t  l i g h t  l e v e l s  are widely 
separa ted ,  he may not  be a b l e  t o  perce ive  t h e  l e v e l  d i f f e r -  
ence. I f  t h e  same two con t ra s t ing  l i g h t  l e v e l s  are now 
moved closer toge the r ,  a reduced s e p a r a t i o n  w i l l  be reached 
wherein t h e  observer  will r e a d i l y  recognize t h a t  two light 
l e v e l s  are indeed present .  
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I n t e r p r e t a t i o n  of an X-ray p l a t e  is  made d i f f i c u l t  when 

For example, i n  searching  for  
contiguous areas blend smoothly one i n t o  the  next--i.e. a 
low c o n t r a s t  g rad ien t  exists. 
t h e  coronary a r t e r y ,  a vague c o n t r a s t i n g  r eg ion  may be 
observed and a s k i l l e d  r eade r  may conclude t h a t  he  is i n  
fact  looking a t  t he  artery-but it c e r t a i n l y  is n o t  as 
s t r i k i n g  as t h e  image of a r i b  might be. 

An e l e c t r o n i c  l i g h t  sensor  is i n h e r e n t l y  an absolu te  
l i g h t  l e v e l  device i n  c o n t r a s t  t o  t h e  g rad ien t  sens ing  
p r o p e r t i e s  of t h e  human eye. 
upon t o  produce information regard ing  changes i n  l i g h t  
l e v e l  r e g a r d l e s s  of s p a c i a l  separa t ion .  Consequently, 
scanning of an X-ray p l a t e  by photosensing means can 
detect when c o n t r a s t  s h i f t s  greater than  a pre-selected 
amount occur,  E l e c t r o n i c  c i r c u i t r y  can be devised wherein 
a change i n  l i g h t  l e v e l  g r e a t e r  than  t h i s  p re se l ec t ed  
th re sho ld  i s  used t o  introduce an  e l e c t r o n i c a l l y  generated 
i n t e n s i f i e r  pulse .  I f  t h e  scanned image w i t h  t h e  super- 
imposed i n t e n s i f i e r  s igna l s  is displayed on a t e l e v i s i o n  
type  monitor, a n  e l e c t r o n i c a l l y  generated margin l i n e  w i l l  
appear  around any reg ions  i n  which c o n t r a s t  change exceeds 
the threshold .  The r e s u l t  w i l l  be s i m i l a r  t o  t h a t  obtained 
by drawing a dark l i n e  around p a r t i c u l a r  reg ions  of i n t e r e s t  
i n  a photograph--contrast  demarcation is  achieved. 

i n g  components of a t e l e v i s i o n  scanning r a d i o l o g i c a l  s e t u p  
p r e s e n t l y  i n  use a t  both the  Mary Fle t che r  and D e  Goesbriand 
M e m o r i a l  Hosp i t a l s ,  t h e  margin emphasis described above can 
be accomplished. 

As such, it can be relied 

By combining a c o n t r a s t  emphasizing u n i t  with e x i s t -  

B ,  MULTICOLOR RADIOLOGICAL DATA PRESENTATION 

Although t h e  human observer has  both l i g h t  l e v e l  
o r  c o n t r a s t  sense  and color sense ,  viewing of X-rays does 
n o t  u t i l i z e  t h e  color d iscr imina t ion  a b i l i t y  of t h e  
observer--only t h e  grey sca l e  i s  u t i l i z e d .  I t  is possi-  
b l e  t o  develop a color encoder t o  convert  t h e  grey scale 
x-ray p resen ta t ion  i n t o  a f u l l  color p resen ta t ion  on a 
color TV monitor,  It is proposed t h a t  a r e sea rch  p r o j e c t  
be i n i t i a t e d  t o  determine whether such p resen ta t ion  w i l l ,  
i n  fact, enable  t h e  s k i l l e d  observer  t o  i n t e r p r e t  m o r e  of 
t h e  information p r e s e n t l y  stored on a convent ional  black 
and white X-ray p l a t e ,  

Since t h e  psychology of c o l o r  viewing imparts  percept ion 
of sha rp  d e t a i l  t o  t h e  black and white  response of t h e  eye,  
color must no t  be looked to  f o r  supplying detail  information, 
On t h e  o t h e r  hand, a m u l t i c o l o r  r e n d i t i o n  of the hand i n  
which t h e  c e n t r a l  reg ions  of the bones might be green,  t h e  
o u t e r  edges of t h e  bones might be b lue  and the  bone t i s s u e  
around the j o i n t s  might be r ed  should have marked impact 
upon t h e  observer .  - 50 - 



H It  is proposed t h a t  such a c o l o r  encoder be developed 
t o  operate i n  conjunct ion with the t e l e v i s i o n  equipment 
a l ready  on hand a t  the  Universi ty  as discussed i n  Sec t ion  
A above. 
t h r e e  beams of a conventional color TV p i c t u r e  tube--would 
s u f f i c e  for prel iminary explorat ion.  
a prel iminary approach is s t r i k i n g ,  t h e  f u l l  mul t ico lor  
s o l u t i o n  would then  be sought. The e l e c t r o n i c  embodiment 
of such an  encoder would be complex b u t  it can be accomp- 
l i s h e d  wi th in  the present  state of t h e  ar t .  

I n i t i a l  experiments using three colors--the 

If the impact of such 

C. MULTICOLOR PRESENTATION PLUS CONTRAST DEMARCATION 

A combination of t h e  c o n t r a s t  emphasizer discussed 
i n  Sec t ion  A with the mul t ico lor  p re sen ta t ion  discussed i n  
Sec t ion  B should be useful .  
t ak ing  a f u l l  color p i c t u r e  and o u t l i n i n g  regions of 
luminance change w i t h  a narrow black l i n e .  Ef for t s  t o  
combine the  t w o  ideas w i l l  r ep resen t  a t h i r d  phase of t h i s  
p ro jec t .  

This can be i l l u s t r a t e d  by 

111, PERSONNEL AND FUNDING 

The p r o j e c t s  proposed he re in  can be conducted by a 
mature graduate  s t u d e n t  working w i t h  the p r i n c i p a l  i n v e s t i -  
ga tor .  I t  is hoped tha t  t h i s  work can be i n i t i a t e d  i n  June 
of 1965 so t h a t  fu l l - t ime  e f f o r t  dur ing  the summer can be 
appl ied  t o  the work. 

I n  view of t h e  low expenditure dur ing  t h e  s p r i n g  of 
1965 on the p r i n c i p a l  i n v e s t i g a t o r ' s  NASA Grant " B i o -  
energy Electric Sources", it is  proposed t h a t  sums be made 
a v a i l a b l e  f r o m  t h i s  t o  cover a t  l e a s t  i n i t i a l  efforts dur- 
i n g  t h i s  summer on t h e  new p r o j e c t s .  I f  r e s u l t s  show some 
promise by t h e  f a l l ,  t h e  quest ion of continued f inanc ing  
can be examined a t  t h a t  t i m e .  

Amount of  Grant Requested: Included i n  Project V I I A  

Personnel : 

Included i n  V I I A  
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PROJECT V I 1 1  rc, 

T i t l e :  

I n v e s t i g a t o r :  Rex D. Couch, Ass is tan t  Professor ,  Department of 

Computer Applicat ions i n  C l i n i c a l  Pathology 

Pathology 

Object ives:  

The purpose of t h i s  p r o j e c t  i s  t o  explore  t h e  vas t  p o s s i b i l i t i e s  
o f f e r e d  by computer techniques i n  t h e  f i e l d s  of medical r e sea rch  
and p a t i e n t  care. 
manipulation now makes it f e a s i b l e  t o  examine i n  any des i r ed  d e t a i l  
data f r o m  cancer  c o n t r o l  procedures,  h e a r t  d i sease  statistics, o r  
any o t h e r  ob jec t ive  data i n  medical care and research.  Whole 
populat ions of p a t i e n t s  can be s tud ied  with r e s p e c t  t o  a given 
l abora to ry  t es t ,  t h e r a p e u t i c  procedure, o r  c l i n i c a l  research  
problem by means of d a t a  processing equipment. 

This  new area of d a t a  storage, r e t r i e v a l  and 

I n  o rde r  t o  de f ine  t h e  f e a s i b i l i t y  of such a program w e  
propose t o  examine c l i n i c a l  l abora tory  d a t a  f r o m  t h e  Mary F le t che r  
Hospi ta l  t o  study t h e  p r a c t i c a b i l i t y  of coding and formatt ing 
of t es t  r e s u l t s  f o r  input  t o  computer processing. I n  s h o r t  
computer programs a l ready  t e s t e d ,  w e  have found t h a t  processing 
c l i n i c a l  l abora tory  data i s  poss ib le .  It now remains t o  be 
i n v e s t i g a t e d  as a continuous processing problem which r e q u i r e s  more 
"streamlined" programming effort ,  development of an i n t e g r a t e d  
system of processing,  and provis ion of output  on a day-to-day 
o r  week-to-week basis. 

The s p e c i f i c  c l i n i c a l  l abora tory  data manipulations w e  wish 
t o  s tudy involve systems for ca l cu la t ions  and comparisons of 
l abora to ry  values  with var ious  s ta t i s t ica l  eva lua t ions .  This 
inc ludes  comparisions of a p a t i e n t ' s  values  w i t h  h i s  own previous 
ones,  comparisons of ind iv idua l  and group data, and s t a t i s t i ca l  
c o r r e l a t i o n s ,  normal value determinat ions,  and q u a l i t y  c o n t r o l  
s t u d i e s  u t i l i z i n g  p a t i e n t  da t a .  These s t u d i e s  w i l l  progress  i n t o  
s p e c i f i c  c o r r e l a t i o n s  between labora tory  data and disease processes  
as expressed i n  discharge or s u r g i c a l  pa thologic  diagnoses and i n  
tumor r e g i s t r y  follow-up data. W e  also w i s h  t o  s tudy t h e  
f e a s i b i l i t y  of producing work schedules,  cost eva lua t ions ,  and 
monthly s ta t i s t ica l  s e r v i c e  r e p o r t s  t o  a i d  i n  eva lua t ion  of 
l abora to ry  e f f i c i ency .  
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.* 
J u s t i f i c a t i o n :  

The impl ica t ions  of t h e  work are many and, w e  be l i eve ,  are 
of real s ign i f i cance .  It i s  poss ib le ,  once the data i s  i n  
"machinable" form, t o  a t t a c k  t h e  problems of l i m i t s  eva lua t ion ,  
p a t t e r n  ana lys i s ,  and q u a l i t y  con t ro l ,  t o  mention only a f e w .  
It i s  no t  c l e a r l y  known what t h e  real l i m i t s  of normal are for  many 
of t h e  phys io logica l  tests w e  perform d a i l y .  
s ta t is t ical  eva lua t ion  of t h e  d a t a  w e  can de r ive  meaningful 
parameters by which t h e s e  normal l i m i t s  can be. judged. I n  
a d d i t i o n ,  those  values  t h a t  l i e  w i th in  noma1 l i m i t s  may form a 
p a t t e r n  t h a t  i n d i c a t e s  e a r l y  stages of disease, before the 
disease i s  c l i n i c a l l y  o r  pa thologica l ly  ev ident .  
f o r  a n a l y s i s  of t h i s  kind are s t r i n g e n t .  The data must be as 
accura t e  as poss ib l e ,  and c a r e f u l  s o p h i s t i c a t e d  t echn ic s  must 
be developed. The concept of  q u a l i t y  c o n t r o l  is st i l l  i n  i ts  
infancy , la rge ly  because t h e  accumulated weal th  of data t h a t  bears 
on the  problem has been unavailable.  N o t  only must t h e  eva lua t ion  
of t echn ic s  be promulgated, but  t h e  p a t i e n t  data can also be 
u t i l i z e d  t o  e s t a b l i s h  s i g n i f i c a n t  r e l a t i o n s h i p s  w i t h  c o n t r o l  data. 

Through c a r e f u l  

The requirements 

The impact of the  p r o j e c t  upon the  mission of NASA is three- 
fold: (1) We must first know the  limits, t h e  p a t t e r n s ,  and t h e  
complex i n t e r r e l a t i o n s h i p s  of physiologic v a r i a b l e s  i n  ou r  
c u r r e n t  environment before complete eva lua t ion  of t h e  effects of 
environments t h a t  are. now fore ign .  ( 2 )  New and bet ter  t echn ic s  
must be continuouslv under development i n  o r d e r  t o  de r ive  a l l  
t h a t  t h e  data can "tell" us .  ( 3 )  N e w  and dynamic methods and 
equipment must be developed i n  o rde r  t o  achieve t h e  g r e a t e s t  
poss ib l e  accuracy and f e a s i b i l i t y  i n  the s tudy of man i n  h i s  
r e l a t i o n s h i p  t o  t h e  ou t s ide  world. 

Previous Work Done: 

The app l i can t  has  worked f o r  nea r ly  a year  now i n  prel iminary 
o u t l i n i n g  of codes and formats ,  i n  FORTRAN programming and 
f a m i l i a r i z a t i o n  with t h e  IBM 1 6 2 0  computer, and i n  developing 
t h e  basic system planning f o r  t h i s  p r o j e c t .  These developments 
have been undertaken along w i t h  s tudy  of other computing f ac i l i t i e s  
i n  order t o  make t h i s  p i l o t  study f i t  i n  w i t h  p o s s i b l e  f u t u r e  
uses  of o t h e r  equipment if t h e  proposed p r o j e c t  is  found t o  be 
feasible. We have co l labora ted  wi th  i n v e s t i g a t o r s  f r o m  t h e  
Universi ty  
"Pa t t e rns  i n c l i n i c a l  Chemistry: L o w  Serum Sodium and Chloride 
i n  Hospi ta l ized  P a t i e n t s "  t o  be publ ished i n  t h e  American Journa l  
of C l i n i c a l  Pathology. August, 1965. 

of Missouri  Department of Pathology i n  a study e n t i t l e d :  
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Procedure : 

P a t i e n t  data f r o m  the c l in i ca l  l a b o r a t o r i e s  of t h e  Mary 
Fletcher Hospi ta l  w i l l  be put  onto punched ca rds  by means of a 
s p e c i a l  input  device,  t h e  I B M  1092 input  t e rmina l ,  connected t o  an 
IBM 026 keypunch. Codes, formats,  and s p e c i a l  i npu t  problems 
have been under s tudy f o r  about s i x  months. Much has a l ready  been 
developed, and much more w i l l  be a ided  by consu l t a t ion  w i t h  t h e  
Director of the  Medical Computing Center of t h e  Universi ty  of 
Missouri .  We have v i s i t e d  t h i s  f a c i l i t y  and have a l ready  rece ived  
cons iderable  a s s i s t a n c e  and advice.  

The first s t e p  i n  t h i s  p r o j e c t ,  then ,  i s  t o  make c l i n i c a l  
data available i n  a form t h a t  can be processed by a computer. 
involves  t h e  coding of a l l  tests, diagnoses,  and follow-up d a t a ,  
t h e  arrangement i n  meaningful formats for  inpu t ,  and t h e  provis ion  
of proper  d a t a  checks t o  in su re  accu ra t e  inpu t .  
o b j e c t i v e s  a l s o  inc lude  systems a n a l y s i s  and programming for  
i n t e r n a l  (magnetic t a p e  o r  d i s c  f i l e )  s to rage ,  t h e  i n i t i a l  
s to rage  w i l l  be by means of punched cards .  
w i t h  arrangement of d a t a  f o r  input  is programming. 
ming,already begun here a t  t h e  Universi ty  of  Vermont, i n  
a d d i t i o n  t o  d a t a  formats and programming a i d  from o t h e r  c e n t e r s ,  
w i l l  be an i n t e g r a l  p a r t  of t h e  i n i t i a l  phase of the p r o j e c t .  

The processing of d a t a  on punched cards  w i l l  be done w i t h  
the  IBN 1620  d i g i t a l  computer u t i l i z i n g  FORTRAN programming ' 

language. The programs w i l l  be w r i t t e n  and t e s t e d  f irst ,  for  
input  w i t h  appropr ia te  s equen t i a l  runs  designed to u t i l i z e  t h e  
output  of one po r t ion  as a p a r t  of t h e  inpu t  for  t h e  next  one, 
an important concept i n  a card-or iented system, Programs w i l l  
then  be w r i t t e n  f o r  t h e  var ious processing procedures o u t l i n e d  
under (A)  above. 

This 

While t h e  u l t imate  

In t imate ly  involved 
This program- 

There are c u r r e n t l y  f i v e  r e s i d e n t s  (or  Fellows) i n  Pathology 
s tudying computer d a t a  processing and FORTRAN programming. 
propose t o  u t i l i z e  t h i s  p ro jec t  i n  teaching ,  i n  some depth,  
computer app l i ca t ions  and s p e c i f i c  problems t h e r e i n  such as 
programming and systems planning, 

We 

Probable Duration: 

This  p r o j e c t  i s  an on-going one t h a t  .we be l i eve  w i l l  continue 
for  some years .  
throughout t h e  du ra t ion  of t h e  p r o j e c t .  
i n i t i a l  programming and development of d a t a  a c q u i s i t i o n  
t echn ic s  w i l l  las t  approximately t w o  years .  

We expect t h a t  pub l i ca t ions  w i l l  cont inue 
The c u r r e n t  phase of 
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Amount of Grant Requested: $ 1 2 , 4 8 0  

Personnel : 

Principal  Invest igator  - 40% of t h e  for one (1) year 

Junior Programmer - 100% of t i m e  for one (1) year 

Programmer Trainee and Clerk - 100% t i m e  for one summer 

- 5 5  - 



r C  

PROJECT: IX 

T i t l e :  Dimension-Theoretical Aspects of M e t r i z a b i l i t y  

P r i n c i p a l  Inves t iga to r :  D r .  Bruce R. Wenner 
Department of Mathematics 

Object ives  : 

1. To determine whether a Nagata m e t r i c  necessa r i ly  has 
a dimension-preserving completion . 

2. To at tempt  t o  d i scove r  o t h e r  necessary p r o p e r t i e s  of 
a Nagata metric. 

3. To c o n s t r u c t  a topology-preserving m e t r i c  which is of 
Nagata type on uncountably many closed subspaces.  

J u s t i f i c a t i o n :  

A Nagata metric makes dimension-theoretic p rope r t i e s  of a 
space easier t o  s tudy;  hence new i n s i g h t  may be gained i n t o  t h e  
topo log ica l  s t r u c t u r e  of metric spaces ,  and t h e r e f o r e  on con- 
t inuous  t ransformations between m e t r i c  spaces  of a r b i t r a r y  
dimension. Problems involv ing  such t ransformat ions  fre- 
quant ly  occur i n  s tudying  thermodynamics and f l u i d  f l o w .  

Previous Work and Present  Outlook: 

We say  a metric has  the Nagata property on an n-dimensional 
space if t h e  boundary of every E-sphere is a t  most (n-11- 
dimensional. J. Nagata has shown t h a t  every f ini te-dimensional  
metric space S has a topology-preserving m e t r i c  which is Nagata 
on S ,  and t h e  p r i n c i p a l  i n v e s t i g a t o r  has  shown t h a t  any a r b i t r a r y  
m e t r i c  space has an  equiva len t  metric which is  Nagata on countably 
many f in i te -d imens iona l  closed subspaces. A theorem of K. Nagami 
has then  been invoked to demonstrate t h e  ex i s t ence  of a dimension- 
preserv ing  completion of t h i s  p a r t i c u l a r  metric. With t h i s  back- 
l o g  of e x i s t i n g  r e s u l t s  t h e  prospects  are good t h a t  a yes  or no 
answer can be obtained t o  t h e  f i r s t  o b j e c t i v e  of t h i s  p r o j e c t .  
F o r  t h e  second and t h i r d  ob jec t ives  t h e  groundwork w i l l  have t o  
be l a i d  by t h e  p r i n c i p a l  i n v e s t i g a t o r ,  so t h e  outlook is uncer- 
t a i n .  

Procedure : 

Paper-and-pencil work, combined w i t h  s tudying  t h e  l i t e r a t u r e .  
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Probable Duration : 

There are  good prospects fo r  the attainment of the  first 
objec t ive  within the year. Progress towards the  second and 
th ird  objec t ives  is des ired but by no means assured, i n  view 
of the  amount of preliminary work which w i l l  have to be done 
by the  pr inc ipal  invest igator .  

Amount of G r a n t  Requested: $7 ,560  

Personnel : 

Principal  Invest igator  - 1 / 2  t i m e  for one year. 
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PROJECT: X 

T i t l e :  Changes i n  Niucleolar U l t r a s t ruc tu re  Related t o  P lan t  
Development 

Inves t iga to r :  Beal B. Hyde, Chairman 
Department of Botany 

A. The specific a i m  of t h i s  p r o j e c t  is a clear desc r ip t ion  
of changes i n  the u l t r a s t r u c t u r e  of t h e  nucleolus  i n  cells 
which are undergoing some type of d i f f e r e n t i a t i o n .  More 
detai led aims inc lude  (1) the u l t r a s t r u c t u r a l  meanings of t h e  
old c y t o l o g i c a l  terms - nucleo lar  organizer  and associated 
heterochromatin,  ( 2 )  the morphological i n t e r - r e l a t i o n  of the 
C h r o m o s o m e s  t o  t h e  nucleolus  during meiosis as w e l l  as a t  
mitosis, and ( 3 )  changes i n  the  u l t r a s t r u c t u r e  of t h e  
nucleolus  dur ing  t h e  maturing of the seed when p r o t e i n  i s  
being a c t i v e l y  synthesized and s to red .  

B, Procedures 

While c e r t a i n  s tandard  l i g h t  microscopic procedures -- 
p a r t i c u l a r l y  his tochemical  -- w i l l  be employed for  general  
o r i e n t a t i o n ,  t he  e l e c t r o n  microscope w i l l  be the  primary tool 
i n  t h i s  i n v e s t i g a t i o n ,  For the  p r o j e c t  period covered by 
t h i s  proposal t he  procedure w i l l  be as follows. A t  least 
t w o  p l a n t s  for  which s tandard  seed is a v a i l a b l e  w i l l  be 
u t i l i z e d ,  One p l a n t  w i l l  be Plantago ovata ,  a p l a n t  grown 
i n  I n d i a  because of the  pharmaceutical  value of i t s  seeds.  
I t  has been selected because i t  is  small, easy t o  grow, and 
i ts  chromosome morphology has been descr ibed i n  d e t a i l  
(Hyde, 1953). The o t h e r  p l a n t  w i l l  probably be r y e ,  selected 
because uniform seed is a v a i l a b l e ,  because it is i n  a d i f f e r e n t  
group of p l a n t s ,  because its chromosome morphology and behavior 
has  also been s t u d i e d  i n  d e t a i l ,  and because the au tho r  is  
familiar w i t h  i ts meiotic cycle.  

In  some cases seeds  w i l l  be germinated u n t i l  t h e  primary 
root is growing a t  a uniform r a t e .  
exc ised  and prepared by standard procedures for  e l e c t r o n  
microscopy. I n  other cases ,  whole p l a n t s  w i l l  be grown to  
f lowering and t h e  an the r s  co l l ec t ed  and prepared f o r  a s tudy  
of the  nucleolus  a t  meiotic: prophase. Las t ly ,  p l a n t s  w i l l  be 
po l l ina t ed  and embryos i n  various s t a g e s  of development w i l l  
be c o l l e c t e d  fo r  a s tudy of the  nucleolus  during t h e  stages 
of r a p i d  accumulation of protein.  

The r o o t  t i p  will then  be 
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Severa l  complementary f i n a t i v e s  w i l l  be employed. 
r o u t i n e  ones w i l l  be 1% Os04 buffered with c o l l i d i n e  and 
acrolein-eltitaraldehyde followed by 1% Os04 (Hyde, 1966). 
Embedding w i l l  be i n  an araldite epoxy-mixture and t h i n  
s e c t i o n s  w i l l  be c u t  with a diamond k n i f e  on a LKB U l t r a -  
microtome. 
microscope loca ted  a t  t h e  Universi ty  of Vermont Medical 
School,  one block f r o m  t h e  author 's  office and labora tory .  

Two 

Photographs will be taken on an RCA 3 6  e l e c t r o n  

C, Signi f icance  of the Research 

The nucleolus  has been inc reas ing ly  implicated i n  t h e  
s y n t h e s i s  (Wallace and B i r n s t i e l ,  1965) and/or  assembly of 
cytoplasmic ribosomes. This g e n e r a l i t y  accords with t h e  
long observed d i r e c t  r e l a t i o n s h i p  between nuc leo la r  s i z e  
and c e l l u l a r  p r o t e i n  syn thes i s  (Brachet,  1 9 5 7 ) .  Since 
p r o t e i n  s y n t h e s i s  i s  an e s s e n t i a l  p a r t  of c e l l u l a r  development 
i t  is important t o  understand the  nucleolus  as w e l l  as possi-  
b l e  . 

U l t r a s t r u c t u r a l  s t u d i e s  of t h e  nucleolus  (Lafontaine 
and Chouinard, 1963 ,  and Marinozni, 1964)  have shown it t o  
be made up of s e v e r a l  components. One is  composed of 
ribosome-like p a r t i c l e s ,  one is  simply a m a s s  of f i b r i l s  
and a t h i r d  is  a smaller body n o t  always a t t ached  t o  t h e  
nucleolus  but  having an u l t r a s t r u c t u r e  d i f f e r i n g  only 
s l i g h t l y  f r o m  t h e  f i b r i l l a r  po r t ion  of the  nucleolus .  
These components, which are r ibonucleoprotein i n  na tu re ,  
have been descr ibed as being embedded i n  an amorphous pro- 
t e i n  matrix. This s tudy,  then, w i l l  h e l p  t o  show which p a r t  
o r  p a r t s  of t h e  nucleolus  a r e  a s soc ia t ed  with i ts  a c t i v i t y  
as a s i t e  f o r  RNA and p r o t e i n  syn thes i s  as w e l l  as, perhaps,  
a s i t e  for  ribosomal assembly. 

A second a spec t  of t h e  nucleolus de r ives  from t h e  f a c t  
t h a t  it is  organized by and func t ions  d i r e c t l y  i n  a s s o c i a t i o n  
with a p a r t i c u l a r  segment of one o r  m o r e  p a r t i c u l a r  p a i r s  of 
chromosomes of t h e  karyotype. The s tudy  thus  goes beyond a 
d e s c r i p t i o n  of t h e  nucleolus  and n e c e s s a r i l y  involves  a n  
understanding of t h e  s t r u c t u r a l  r e l a t i o n s h i p s  between t h e  
nuc leo lus  and t h e  chromosomes.. Nucleolar func t ion  can be 
considered only a s p e c i a l  case of chromosomal c o n t r o l  of 
c e l l u l a r  a c t i v i t y .  The information t o  be gained i s  of 
genera l  s i g n i f i c a n c e  t o  a l l  biology -- t h e o r e t i c a l ,  medical 
o r  a g r i c u l t u r a l  -- because it w i l l  con t r ibu te  t o  an under- 
s t and ing  of nuc lea r  c o n t r o l  of ce l lu la r  development. 
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0. Previous Work Done on t h i s  Project 

The author  has ex tens ive  knowledge and t r a i n i n g  on three 
makes of electron microscopes -- P h i l i p s ,  RCA and S i m c n s .  
H e  has  been t r a i n e d  i n  t h e  l a b o r a t o r i e s  of Professors James 
Bonner and Alan Hodge at t h e  California I n s t i t u t e  of 
Technology and a t  the  C e l l  Research I n s t i t u t e  of t h e  Univers i ty  
of Texas under t h e  d i r e c t i o n  of Professor  W. G. Vhaley. Publi-  
c a t i o n s  dea l ing  with problems mentioned i n  t h i s  proposal  are 
l isted below. 
the  work done i n  t h e  last year  a t  t h e  Univers i ty  of Texas. 

This proposal is e s s e n t i a l l y  an ex tens ion  of 

1963 

1964 

1964 

1965 

1963 

1963 

1963 

1965 

1965 

Recent Work Done by Others on T h i s  Subject :  

Lafontaine,  J. G. and Chouinard, L. A. A correlated 
l i g h t  and e l e c t r o n  microscope s tudy  of t h e  nuc leo la r  
material during mitosis i n  V i c i a  fabs. 

Mariozzi , V. Cytochimic u l t r a s t r u c t u r a l e  de nuclgole  - 
RNA e t  pro te ince  in t r a -nuc leo la i r e s .  Jour.  
U l t r a s t r u c t u r e  R e s .  10 :  433-456. 

- 

Schoefl ,  G. I. T h e  effect of actinomycin D on t h e  
f i n e  s t r u c t u r e  of t h e  nucleolus.  Jour .  U l t r a .  Res. 
10 :  224-243. 

Wallace, H. and D i r n s t i e l ,  M. L. Ribosomal c i s t r o n s  
and the  nuc leo lar  organizer .  B i o c h i m .  e t  Biophys. 
A c t a .  I n  press .  

Work Done by A u t h o r  or, This Subjec t  

D i f f e r e n t i a t e d  chromosomes i n  Plantage ovata.  h e r .  
Jour ,  Bot. 40: 809-813. 

B i r n s t i e l ,  M. L. and Hyde, B.B. P ro t e in  s y n t h e s i s  by 
isolated pea nuc leo l i .  Jour.  C e l l  Biol.  18 :  41. 

B i r n s t i e l ,  M.L., Chipchase, M. F. H. and Hyde, B. B. 
The nuc leo lus ,  a source of ribosomes. B i o c h i m ,  e t  
Biophys, A c t a .  76: 454-462. 

U l t r a s t r u c t u r e  i n  Chromatin. Frog. I n  Biophysics 
15 :  129-148. 

Hyde, B. B.,  Sankaranaryanan, K. and B i r n s t i e l  , M. L. 
Observations on f i n e  s t r u c t u r e  i n  pea n u c l e o l i ,  i n  
s i t u  and isolated. Jour.  U l t r a s t r u c t u r e  R e s .  12. 
__. 
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1965  Sankaranaryanan, K. and Hyde, B. B, Electron microscope 
s t u d i e s  of anuclear  body w i t h  p r o p e r t i e s  of both nuc leo l i  
and chromatin. Jour.  U l t r a s t ruc tu re  R e s ,  1 2 .  

1 9 6 6  Changes i n  nuc leo la r  un t r a s t ruc tu re  a s soc ia t ed  with 
d i f f e r e n t i a t i o n  i n  t h e  Plantago ovata  r o o t  t i p .  
p repara t ion ,  

I n  

E. This budget is  designed t o  provide t h e  first e s s e n t i a l  
equipment and h e l p  so t h a t  t h e  w r i t e r  may begin research  a t  
t h e  Univers i ty  of Vermont. 
space a v a i l a b l e  i n  t h e  H i l l s  Building t o  set  up a labora tory  
for  t h e  prepara t ion  of b i o l o g i c a l  material f o r  e l e c t r o n  
microscopy. Experiment S t a t i o n  funds i n  the amount of 
$4,320 have a l ready  been committed t o  t h i s  p r o j e c t  for  t h r e e  
m a j o r  i t e m s .  This budget is t o  be spent  e n t i r e l y  f o r  a 
Kinney Vacuum Evaporator.  This is an e s s e n t i a l  i t e m  i n  an 
e l e c t r o n  microscope prepara t ion  l abora to ry  because it is  
used for evaporat ing t h i n  coat ings of carbon or m e t a l  on 
b i o l o g i c a l  specimens. The University of Vermont has also 
provided $5,000 t o  t h i s  p r o j e c t  f r o m  an NSF supported 
i n s t i t u t i o n a l  grant .  The author i s  also prepar ing  a pro- 
posa l  fo r  a d d i t i o n a l  Hatch funds and a major proposal  t o  
f inance  t h e  purchase of an  e l e c t r o n  microscope t o  t h e  NSF 
and NIH. 

H e  is at tempting i n  t h e  s m a l l  

Amount of Grant Requested: $3,600 

Personnel : 

None 

- 61 - 



M Y  

h 
PROJECT X I  

T i t l e :  Lehrman - Symanzik - Zimmermann Formula as a Calcu la t iona l  - 
Technique i n  F i e l d  Theory 

I n v e s t i g a t o r :  Leonard M. Scarfone, Ass i s t an t  Professor  of Physics 

Descr ipt ion of Research and Pe r t inen t  Background: 

khrman-Symanzik-Zimmermann* (henceforth called LSZ) formalism can be 
used t o  c a l c u l a t e  t h e  q u a n t i t i e s  of i n t e r e s t  i n  t h e  first n o n - t r i v i a l  
sector of the L e e  model.3 I t  is w e l l  known t h a t  t hese  are the 
e las t ic  N+g s c a t t e r i n g  amplitude,  t h e  V-particle self-energy and t h e  
wave func t ion  renormalizat ion constant .  The s o l u t i o n  of t h e  V-NQ 
sector isgalso obta inable  w i t h  simple,  s t ra ight forward  eigenvalue 
equat ions  and w i t h  the6methods of d i spe r s ion  theory.‘) ,5  Using the  
l a t t e r  technique,  Amado has extended t h e  exac t ly  solved p a r t  of t h e  
model t o  include both t h e  V+g + V + Q  elastic s c a t t e r i n g  and t h e  
production process  V+g - N+2g. 
amplitudes and r e n  rmal iza t ion  cons t an t s ,  it has also been shown t h a t  
d i spe r s ion  methods can be used t o  calculate two simultaneous a lge-  
braic equat ions f o r  t he  ver tex  func t ion  
which y i e l d  an equat ion fo r  t h e  determinat ion of t h e  V+N p o t e n t i a l  
energy i n  agreement with t h a t  derived by direct  methods. 

I t  has  r e c e n t l y  been shown by Maxon and Curtis’  t ha t  t h e  

I n  add i t ion  t o  these f r a n s i t i o n  
s 

<V \ f N \  B) and cN \ f V  \B 
8 

I n  t h i s  research, w e  are i n t e r e s t e d  i n  demonstrating t h e  usefu l -  
For  t h i s  pur- n e s s  of t h e  LSZ funct ion  as a c a l c u l a t i o n a l  technique, 

pose, w e  first i n v e s t i g a t e  t h e  V N - ~ N Q  sector of a s l i g h t l y  modified 
LEE model and show t h a t  t h e  LSZ approach so lves  t h e  V+N problem and 
t h e  2N+g s c a t t e r i n g  with one a lgebra i c  equation. 
equat ion is obtained by studying t h e  a n a l y t i c  s t r u c t u r e  of t h e  V+N 
propagator and t h e  s c a t t e r i n g  amplitude then  follows. 

problem which is n o t  exac t ly  so lvable  with an eigenvalue equat ion and 
seems hopeless ly  complicated f r o m  t h e  d i spe r s ion  theory  po in t  of view 
The LSZ method should be e s p e c i a l l y  h e l p f u l  here s i n c e  t h e  symmetry 
p r o p e r t i e s  of he )-functions would be immediately obvious from t h e  
Matthew-Salam” equat ions as i s  t h e  case with t h e  V-Ne  and VN-2Ng 
sectors. 

The binding energy 

We can also th ink  of using t h e  LSZ approach for  the  two V 

The t w o  V problem i s  p r e s e n t l y  under inves t iga t ion .  

It is  envisioned t h a t  t he  LSZ approach may also be used as a 
c a l c u l a t i o n a l  tool  i n  Quantum Electrodynamics. I n  p a r t i c u l a r ,  w e  
hope to c a l c u l a t e  with this method approximate expressions fo r  t he  
e l e c t r o n  mass renormalizat ion,  charge renormalizat ion and wave 
func t ion  renormalizat ion constant .  The problems here are conceptu-,. 
a l l y  clear and it i s  t o  be noted t h a t  t h i s  i s  a consequence of our  
experience w i t h  the L e e  m o  e l .  As an analogy, it i s  t o  be noted 
tha t  D e C e l l e s  and Fieldmang c a l c u l a t e d  t h e  V-part ic le  self-energy 
and wave func t ion  renormalized cons tan t  w i t h  d i spe r s ion  r e l a t i o n  
i n  t h e  Lee model and then extended t h e i r  cons idera t ion  t o  Q.E.D.12 
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Probable Duration: 

I t  i s  a n t i c i p a t e d  t h a t  s i g n i f i c a n t  progress ,  l ead ing  t o  t w o  o r  
t h r e e  p u b l i c a t i o n s ,  can be made on t h i s  research by 31 January,  1 9 6 6 .  
The a c t u a l  appearance i n  p r i n t  of papers  can t h u s  be expected during 
1966 and e a r l y  1967. 

Amount of G r a n t  Requested: $4,285. 

Personnel:  

P r i n c i p a l  I n v e s t i g a t o r :  1 0 %  of t i m e  - sp r ing  semester. 
1 0 0 %  of t i m e  - t w o  summer months 

25% of t i m e  - f a l l  semester. 
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PROJECT X I 1  

T i t l e :  Calcula- ional  and Experimental Aspects of Entropy 

Obiect i v e s  : 

Determinations 

The r a p i d  p r o l i f e r a t i o n  of substances t h a t  can be considered 

Twenty-five 

This  i s  no longer  t r u e  and w i l l  be 

"important" -- due t o  t h e  effor ts  of t h e  space program and t h e  
advances i n  b iophys ica l  chemistry -- r e q u i r e s  a new approach t o  the 
t a b u l a t i o n  of thermodynamic and thermochemical data. 
y e a r s  ago m o s t  of t h e  "important" compounds then  known ha& been 
cha rac t e r i zed  experimentally.  
an u n r e a l i s t i c  expec ta t ion  for t h e  f u t u r e .  There is an obvious 
need for  semi- theore t ica l  and/or empir ica l  methods of es t imat ing  
thermodynamic q u a n t i t i e s .  

e l u c i d a t i n g  the  microscopic s t r u c t u r e  of sol ids .  
a q u a n t i t a t i v e  measure of molecular disorder. 
c a l c u l a t i o n a l  program w i l l  be undertaken t o  c o r r e c t  previous 
assumptions used, t o  o b t a i n  r o t a t i o n a l  barriers; and t o  analyze 
phase t r a n s i t i o n s .  
key compounds w i l l  be measured t o  test and r e f i n e  t h e  c a l c u l a t i o n a l  
methods, 

Heat capac i ty  and entropy eva lua t ions  are u s e f u l  i n  
They c o n s t i t u t e  

An entropy 

I n  a d d i t i o n ,  t h e  h e a t  c a p a c i t i e s  of c e r t a i n  

J u s t i f i c a t i o n :  

a large e x t e n t  remained a riddle.  
a s s i s t i n g  i n  def in ing  t h e  na ture  of t h i s  type  of system. 
materials used i n  the space program are subjec ted  t o  b i z a r r e  
condi t ions .  
numbers, It  i s  obviously of importance t o  have information on 
the p r o p e r t i e s  of t h e s e  substances o r  t o  be able t o  estimate 
t h e i r  behavior by c a l c u l a t i o n .  The l a t t e r  approach i s  
p a r t i c u l a r l y  p e r t i n e n t  s ince  there i s  l i t t l e  hope of g e t t i n g  
information r a p i d l y  f r o m  cur ren t  experimental  methods, 
t h i s  research w i l l  be directed pr imar i ly  towards developing 
computational methods. 
t es t  and r e f i n e  t h e  r e s u l t s  of t h e  c a l c u l a t i o n s .  

U n t i l  r e c e n t l y ,  t h e  s t r u c t u r e  and behavior of so l ids  has t o  
Thermodynamic s t u d i e s  are now 

The 

Temperatures vary between very l o w  and very high 

Thus, 

L a t e r ,  c r y o s t a t s  w i l l  be cons t ruc ted  t o  

Previous Work and Present  Outlook: 

r e sea rch  t o  chemistry has been t h e  use of heat-capaci ty  
measurements, and t h e  concomitantly der ived en t rop ie s ,  t o  
determine t h e  thermodynamic func t ions  of chemical substances.  
The p r a c t i c a l  s ign i f i cance  of heat-capaci ty  measurements can be 
a t tes ted t o  by the  fact  t h a t  over ha l f  of t h e  known f ree-energ ies  
of formation, used t o  c a l c u l a t e  high-temperature e q u i l i b r i a ,  are 
based upon such s t u d i e s .  More recerlt ly low-temperature r e sea rch  

One of t h e  most important a p p l i c a t i o n s  of low-temperature 
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i n  chemical physics has become an important t o o l  f o r  e l u c i d a t i n g  
t h e  microscopic s t r u c t u r e  of  s o l i d  materials. Heat capc i ty  and 
entropy eva lua t ions  are p a r t i c u l a r l y  u s e f u l  t o  t h i s  end because 
they  g i v e  a q u a n t i t a t i v e  measure of molecular disorder i n  
c r y s t a l l i n e  systems; 
determine t h e  na tu re  of i n t e r n a l  degrees of freedon t h a t  are not  
amenable t o  spectroscopy. 

and because such data can be analysed t o  

Curren t ly  t h e  number of chemical substances t h a t  have been 
i d e n t i f i e d  numbers i n  t h e  mi l l ions .  
have been said t h a t  m o s t  compounds of p r a c t i c a l  i n t e r e s t  had been 
subjec ted  t o  low-temperature s tud ie s ,  
technology and i n  t h e  l i f e  sciences are opening an e v e r  widening 
gap between t h e  number of compounds t h a t  are important and those  
t h a t  have been cha rac t e r i zed  thermodynamically. Every worker i n  
t h e  low-temperature f i e l d  i s  awaiting t h e  dawn of a 
i n  which hea t  capac i ty  and entropy values  can be c a l c u l a t e d  w i t h -  
ou t  recourse t o  d i f f i c u l t  and expensive experimentation. 
proposal deals with a two pronged a t t a c k  towards t h a t  goal .  

Twenty-five yea r s  ago it could 

The r a p i d  advances i n  space 

new millennium 

This 

I n  1864,  Kopp deduced f r o m  t h e  data then  a v a i l a b l e  t h a t  t he  
heat-capaci ty  of a compound i s  equal  to t h e  sum of the  atomic hea t  
c a p a c i t i e s  of i t s  c o n s t i t u e n t  atoms, (1) While, a t  best, an 
approximation t h i s  framework has become t h e  basis for m o s t  
subsequent c a l c u l a t i o n a l  schemes, L a t i m e r  ( 2 )  and Janz ( 3 1  have 
given a d d i t i v i t y  schemes, for inorganic  and organic  materials 
r e s p e c t i v e l y ,  t h a t  reproduce observed e n t r o p i e s  t o  wi th in  
s e v e r a l  cal mole'l deg.'l. Such schemes, s i n c e  they  are l a r g e l y  
empi r i ca l ,  are i n  cons tan t  need of r e v i s i o n  as more data becomes 
a v a i l a b l e .  
have been checked r e c e n t l y  and a r e  i n  g r e a t  need of such r ev i s ion .  
Turning t o  organic  systems, t h e  problem becomes more d i f f i c u l t .  
Severa l  l a b o r a t o r i e s  are engaged i n  thermodynamic s t u d i e s  t o  
procure data fo r  a d d i t i v i t y  r e l a t i o n s .  The problem i s  complicated 
because sol id-sol id  phase t r a n s i t i o n s  occur  i n  many organic  
systems (about f i f t y  percent  of those s t u d i e d ) ,  and because each 
s i n g l e  bond i n  t h e  molecule leads t o  an i n t e r n a l  r o t a t i o n  whose 
con t r ibu t ion  i s  dependent on s t r u c t u r e .  Before such factors can 
be included i n  computational schemes, thorough a n a l y s i s  must be 
made of t h e  e x i s t i n g  data. 
phase t r a n s i t i o n  and barrier he ight  problems (4). 

L a t i m e r ' s  values  f o r  t r a n s i t i o n  m e t a l  compounds 

This au thor  has  had experience i n  

On these bases, it is proposed t h a t  a c a l c u l a t i o n a l  program 
be undertaken t o  (a) r e v i s e  La the r ' s  a d d i t i v i t y  con t r ibu t ions ,  
(b)  cont inue t h e  a n a l y s i s  of heat-capaci ty  data t o  determine 
r o t a t i o n a l  barriers, and (c) t o  analyse phase t r a n s i t i o n s  i n  terms 
of s t r u c t u r e  and symmetry. I t  is a n t i c i p a t e d  t h a t  such ana lyses  
w i l l  i d e n t i f y  c e r t a i n  key compounds whose hea t -capac i ty  data w i l l  
be needed t o  t es t  and r e f i n e  c a l c u l a t i o n a l  resul ts--hence,  t h e  
necess i ty  f o r  a low-temperature labora tory .  
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The meaning of key compound, as descr ibed above, can be 
i l l u s t r a t e d  by consider ing co (NH3)6C13. 
equi l ibr ium and enthalpy d a t a  ( 5 )  t o  relate t h e  e n t r o p i e s  of ca. 
50 s p e c i e s  t o  t h a t  of Co(HN C 1  . Unfortunately w e  have n i n e  
pa ths  fo r  t is  la t ter  q u a n t j t t  t3at range from 6 1  t o  1 1 2  cal 
mole'ldeg. '. The d e s i r e a b i l i t y  of a d e f i n i t i v e  entropy value is 
obvious.  

There are s u f f i c i e n t  

- 

The b i o l o g i c a l  func t ion  of many trace elements,  such as Mn o r  
W, is poorly understood, but  is undoubtedly r e l a t e d  t o  t h e i r  a b i l i t y  
t o  form complexes of varying s t a b i l i t y  i n  more than  one ox ida t ion  
state. 
i s t r y ,  w e  must begin with t h e  s impler  complexes and aqueous 
s p e c i e s  involving t h e s e  elements. 
inc lude  most of t h e  trace e lements  (and m o r e  important ones such 
as i r o n  and copper),  do no t  form r e v e r s i b l e  e l ec t rodes  under normal 
condi t ions .  Therefore o t h e r  methods must be found t o  de r ive  t h e i r  
p a r t i a l  molal e n t r o p i e s  and free-energies .  Third-law e n t r o p i e s ,  
combined with s o l u t i o n  ca lor imet ry  ( 6 )  form t h e  clearest pa th  
t o  such da ta .  

I f  thermodynamics t o  become inc reas ing ly  u s e f u l  i n  biochem- 

The t r a n s i t i o n  m e t a l s ,  which 

It is proposed t h e r e f o r e  t o  measure t h e  h e a t  c a p a c i t i e s  of 
c e r t a i n  key compounds important t o  c a l c u l a t i o n a l  schemes (e .g . ,  
Co(NH3)6C13)  t o  eventua l  biochemical thermodynamics. 
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c 

4 
Procedure 

program w i l l  be devoted t o  t h e  development and u t i l i z a t i o n  of 
c a l c u l a t i o n a l  methods f o r  es t imat ing  en t rop ie s .  
s t u d i e s  have been c a r r i e d  o u t  i n  t h i s  area and c a l c u l a t i o n s  are 
now proceeding i n  t h e  au tho r ' s  laboratory. 

l abora to ry  w i l l  be assembled. 
temperature l abora to ry  is  an a d i b a t i c  c r y o s t a t ,  ope ra t ing  between 
4 and 350° K. 
w i l l  b u i l d ,  with l i t t l e  modif icat ion,  an appara tus  similar t o  
those  designed by Professor Edgar F. Westrum of t h e  Universi ty  
of Michigan. 
h i s  shop drawings a v a i l a b l e . )  
c a l o r i m e t r i c  s tandards  r equ i r ing  a c a p i t a l  investment of 
$30,000 before  any d a t a  can be produced. 
and t e s t i n g  r e q u i r e  between one and t w o  yea r s ,  with t h e  he lp  of 
a h igh ly  s k i l l e d  mechanic and a w e l l  equipped shop. 
would, of course, be used for  the  c a l c u l a t i o n a l  a spec t s  of t h i s  
program. Much of t h e  c a p i t a l  investment i s  for  components t h a t  
are also adaptable  t o  s o l u t i o n  calor imetry.  
such components be purchased first. 
t h e  first year ,  and a n t i c i p a t e s  continued support  after that  
per iod  f r o m  funds wi th in  and/or without t h e  Univers i ty  of Vermont 
program. 

c 
As i nd ica t ed  above, the  i n i t i a l  effdr t  i n  t h i s  r e sea rch  

A number of 

4 

I n  t h e  second phase of t h i s  p r o j e c t  a low-temperature 
The m a j o r  f a c i l i t y  of a l o w -  

This  au tho r  is familiar with s e v e r a l  designs,  and 

(P ro fes so r  Westrum has  k indly  o f f e r e d  t o  make 
Such r e sea rch  is expensive by 

Construction, c a l i b r a t i o n  

This t h e  LA-- 

It i s  proposed t h a t  
The fol lowing budget i s  f o r  

Probable Duration 

The to ta l  program described above is a long-range one. Resul t s  
from t h e  c a l c u l a t i o n a l  po r t ion  of t h e  work w i l l  begin t o  become 
a v a i l a b l e  i n  publ i shable  form i n  about s i x  months. However, t h e  
cons t ruc t ion  of a low-temperature l abora to ry  i s  a long-term p r o j e c t  
r e q u i r i n g  one or t w o  yea r s  before a c t u a l  experimental  opera t ions  
are commenced. Thus, because of t h e  n a t u r e  of t h e  program 
e s s e n t i a l l y  continuous p roduc t iv i ty  can be a n t i c i p a t e d  almost 
from t h e  t i m e  of incept ion .  

Amount of Grant Requested: $13,248 

P r i n c i p a l  I n v e s t i g a t o r  - 2 5 %  of time during academic y e a r  
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